METHOD FOR AMPLIFYING NUCLEIC ACID SEQUENCE 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation-in-part 
application of PCT international application No. 
PCT/ JPOO/01534 which has an international filing date of 
March 14, 2000 which designated the United States, the 
entire contents of which are incorporated by reference, 
BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to a method for 
detecting a target nucleic acid which is useful in a field 
of clinical medicine and a method for synthesizing a DNA 
which is useful in a field of genetic engineering. It 
relates to a method for amplifying a nucleic acid as a 
template and a method for detecting a target nucleic acid 
amplified by said method. 
Description of Related Art 

[0003] DNA synthesis is used for various purposes in 
studies in a field of genetic engineering. Most of the DNA 
synthesis with the exception of that of a short-chain DNA 
such as an oligonucleotide is carried out by enzymatic 
methods in which a DNA polymerase is utilized. An example 
of the methods is the polymerase chain reaction (PCR) 
method as described in United States Patent Nos. 4,683,195, 



4,683,202 and 4,800,159 in detail. Another example is the 
reverse transcription-PCR (RT-PCR) method, which is a 
combination of the PCR and a reverse transcriptase reaction, 
as described in Trends in Biotechnology, 10:146-152 (1992). 
5 The development of the above-mentioned methods has enabled 
the amplification of a region of interest from a DNA or an 
RNA. 

[0004] The above-mentioned DNA synthesis methods are 
conducted, for example, using a reaction that consists of 

10 three steps. The three steps are a step of dissociating 
(denaturing) a double-stranded DNA into single-stranded 
DNAs, a step of annealing a primer to the single-stranded 
DNA and a step of synthesizing (extending) a complementary 
strand from the primer in order to amplify a region of a 

15 DNA of interest. Alternatively, they are conducted using a 
reaction designated as "the shuttle PCR" ("PCR no 
saizensen" (Recent advances in PCR methodology: Basic 
methodology and it's application), Tanpakushitsu Kakusan 
Kouso, Bessatsu, (Protein, Nucleic Acid and Enzyme, 

20 Supplement), 41 (5) : 425-428 (1996)) in which two of the 
three steps, that is, the step of annealing the primer and 
the step of extending are carried out at the same 
temperature . 

[0005] Alternatively, the ligase chain reaction (LCR) 
25 method as described in EP 320, 308 published on June 14, 



1989 or the transcription-based amplification system (TAS) 
method as described in PCR Protocols, Academic Press Inc., 
1990, pp. 245-252 may be used. The four methods as 
mentioned above require repeating a reaction at a high 
temperature and that at a low temperature several times in 
order to regenerate a single-stranded target molecule for 
the next amplification cycle. The reaction system should 
be conducted using discontinuous phases or cycles because 
the reaction is restricted by temperature as described 
above . 

[0006] Thus, the methods require the use of an expensive 

thermal cycler that can strictly adjust a wide range of 
temperature over time. Furthermore, the reaction requires 
time for adjusting the temperature to the two or three 
predetermined ones. The loss of time increases in 

proportion to the cycle number. 

[0007] Nucleic acid amplification methods that can be 
carried out isothermally have been developed in order to 
solve the problems. Examples thereof include the strand 
displacement amplification (SDA) method as described in JP- 
B 7-114718, the self-sustained sequence replication (3SR) 
method, the nucleic acid sequence based amplification 
(NASBA) method as described in Japanese Patent No. 2650159, 
the transcription-mediated amplification (TMA) method, the 
QP replicase method as described in Japanese Patent No. 



2710159 and the various modified SDA methods as described 
in United States Patent No, 5,824,517, WO 99/09211, WO 
95/25180 and WO 99/49081. A method of isothermal enzymatic 
synthesis of an oligonucleotide is described in United 
5 States Patent No. 5,916,777. Extension from a primer 
and/or annealing of a primer to a single-stranded extension 
product (or to an original target sequence) followed by 
extension from the primer take place in parallel in a 
reaction mixture incubated at a constant temperature in the 

10 reaction of these methods of isothermal nucleic acid 
amplification or synthesis of an oligonucleotide. 
[0008] Among the isothermal nucleic acid amplification 
methods, the SDA method is an example of systems in which a 
DNA is finally amplified. The SDA method is a method for 

15 amplifying a target nucleic acid sequence (and a 
complementary strand thereof) in a sample by displacement 
of double strands using a DNA polymerase and a restriction 
endonuclease . The method requires four primers used for 
the amplification, two of which should be designed to 

20 contain a recognition site for the restriction endonuclease. 
The method requires the use of a modified 
deoxyribonucleotide triphosphate as a substrate for DNA 
synthesis in large quantities. An example of the modified 
deoxyribonucleotide triphosphates is an (cx-S) 

25 deoxyribonucleotide triphosphate in which the oxygen atom 




5 

of the phosphate group at the a-position is replaced by a 
sulfur atom (S) . The problem of running cost associated 
with the use of the modified deoxyribonucleotide 
triphosphate becomes serious if the reaction is routinely 
5 conducted, for example, for genetic test. Furthermore, the 
incorporation of the modified nucleotide such as the (a-S) 
deoxyribonucleotide into the amplified DNA fragment in the 
method may abolish the cleavability of the amplified DNA 
fragment with a restriction enzyme, for example, when it is 
10 subjected to a restriction enzyme fragment length 
polymorphism (RFLP) analysis. 

[0009] The modified SDA method as described in United 
States Patent No. 5,824,517 is a DNA amplification method 
that uses a chimeric primer that is composed of an RNA and 

15 a DNA and has as an essential element a structure in which 
DNA is positioned at least at the 3 '-terminus. The 
modified SDA method as described in WO 99/09211 requires 
the use of a restriction enzyme that generates a 3 T - 
protruding end. The modified SDA method as described in WO 

20 95/25180 requires the use of at least two pairs of primers. 

The modified SDA method as described in WO 99/49081 
requires the use of at least two pairs of primers and at 
least one modified deoxyribonucleotide triphosphate. On 
the other hand, the method for synthesizing an 

25 oligonucleotide as described in United States Patent No. 



# 



5,916,777 comprises synthesizing a DNA using a primer 
having a ribonucleotide at the 3 f -terminus, completing a 
reaction using the primer, introducing a nick between the 
primer and an extended strand in an primer-extended strand 
5 with an endonuclease to separate them, digesting a template 
and recovering the primer to reuse it. It is required to 
isolate the primer from the reaction system and then anneal 
it to the template again in order to reuse the primer in 
the method. Additionally, the LAMP (Loop-mediated 

10 Isothermal Amplification) method as described in WO 
00/28082 requires four primers for amplification and the 
products amplified using the method are DNAs having varying 
size in which the target regions for the amplification are 
repeated. 

15 [0010] As described above, the conventional isothermal 
nucleic acid amplification methods still have various 
problems. Thus, a method for amplifying a nucleic acid at 
low running cost by which a DNA fragment that can be 
further genetically engineered is obtained has been desired. 

20 [0011] The main object of the present invention is to 
provide a method for amplifying a target nucleic acid which 
specifically amplifies with high sensitivity a target 
nucleic acid in a sample by DNA synthesis reaction using a 
chimeric oligonucleotide primer, a method for detecting a 

25 amplified fragment obtained by said method, a method for 
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producing a target nucleic acid using said amplification 
method and a chimeric oligonucleotide primer used for these 
methods . 

SUMMARY OF THE INVENTION 
5 [0012] As a result of intensive studies, the present 
inventors have constructed an excellent system for gene 
amplification reaction. The construction was accomplished 
by developing a method in which a region of a DNA of 
interest is amplified in the presence of a chimeric 

10 oligonucleotide primer having a ribonucleotide positioned 
at the 3 T -terminus or on the 3 T -terminal side, an 
endonuclease and a DNA polymerase* Thus, the present 
invention has been completed. The method is a method for 
amplifying a nucleic acid in which a chimeric 

15 oligonucleotide primer is used and herein referred to as 
ICAN (Isothermal and Chimeric primer-initiated 

Amplification of Nucleic acids) method. 

[0013] The first invention of the present invention 
relates to a method for amplifying a nucleotide sequence, 

20 characterized in that the method comprises: 

(a) treating a nucleic acid as a template with at 
least one primer that is substantially complementary to the 
nucleotide sequence of the nucleic acid and a DNA 
polymerase to synthesize a primer-extended strand that is 

25 complementary to the template, wherein the primer is a 




8 

chimeric oligonucleotide primer containing a 

deoxyribonucleotide and a ribonucleotide, the 
ribonucleotide being positioned at the 3 T -terminus or on 
the 3 T -terminal side of the primer for cleavage with an 
5 endonuclease; 

(b) cleaving the primer-extended strand of a 
double-stranded nucleic acid obtained in step (a) with the 
endonuclease at a site that contains the ribonucleotide; 
and 

10 (c) extending a nucleotide sequence that is 

complementary to the template using a DNA polymerase having 
a strand displacement activity from the 3 '-terminus of the 
primer portion of the double-stranded nucleic acid in which 
the primer-extended strand is cleaved obtained in step (b) 

15 to effect a strand displacement. 

[0014] The second invention of the present invention 
relates to a method for amplifying a nucleotide sequence 
using at least two primers, characterized in that the 
method comprises: 

20 (a) treating a nucleic acid as a template with at 

least one primer that is substantially complementary to the 
nucleotide sequence of the nucleic acid and a DNA 
polymerase to synthesize a primer-extended strand that is 
complementary to the template, wherein the primer is a 

25 chimeric oligonucleotide primer containing a 



deoxyribonucleotide and a ribonucleotide, the 
ribonucleotide being positioned at the 3 ' -terminus or on 
the 3 1 -terminal side of the primer for cleavage with an 
endonuclease; 

5 (b) cleaving the primer-extended strand of a 

double- stranded nucleic acid obtained in step (a) with the 
endonuclease at a site that contains the ribonucleotide; 

(c) extending a nucleotide sequence that is 
complementary to the template using a DNA polymerase having 

10 a strand displacement activity from the 3 '-terminus of the 
primer portion of the double-stranded nucleic acid in which 
the primer-extended strand is cleaved obtained in step (b) 
to effect a strand displacement, wherein a double-stranded 
nucleic acid containing a regenerated primer-extended 

15 strand is reused in step (b) ; 

(d) treating a released displaced strand obtained 
in step (c) as a template with at least one primer that is 
different from that used in step (a) and a DNA polymerase 
to synthesize a primer-extended strand that is 

20 complementary to the displaced strand, wherein the primer 
that is different from that used in step (a) is a chimeric 
oligonucleotide primer that is substantially complementary 
to the nucleotide sequence of the displaced strand and 
contains a deoxyribonucleotide and a ribonucleotide, the 

25 ribonucleotide being positioned at the 3 '-terminus or on 



10 

the 3 '-terminal side of the primer for cleavage with an 
endonuclease; 

(e) cleaving the primer-extended strand of a 
double-stranded nucleic acid obtained in step (d) with the 
endonuclease at a site that contains the ribonucleotide; 
and 

(f) extending a nucleotide sequence that is 
complementary to the template using a DNA polymerase having 
a strand displacement activity from the 3 '-terminus of the 
primer portion of the double-stranded nucleic acid in which 
the primer-extended strand is cleaved obtained in step (e) 
to effect a strand displacement, wherein a double-stranded 
nucleic acid containing a regenerated primer-extended 
strand is reused in step (e) . 

[0015] The method of the first and second inventions of 
the present invention may be conducted isothermally . The 
nucleotide sequence as the template may be a DNA sequence. 
A step of preparing a single-stranded cDNA by a reverse 
transcription reaction using reverse transcriptase and an 
RNA as a template may be comprised prior to step (a) of the 
first and second inventions. The single-stranded cDNA may 
be used as the nucleotide sequence as the template. Both 
of a single-stranded DNA and a double-stranded DNA can be 
preferably used as the DNA as the template in the first and 
second inventions of the present inventions. If a double- 
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stranded DNA is used as the template, the method of the 
present invention may be conducted after a pretreatment 
step of denaturing the double-stranded DNA into single- 
stranded DNAs . 

5 [0016] In the above-mentioned inventions, the extension 
from the primer is conducted using a DNA polymerase having 
a strand displacement activity. A DNA polymerase selected 
from the group consisting of Klenow fragment of DNA 
polymerase I from Escherichia coli, Bst DNA polymerase 

10 lacking 5 T ^3 ! exonuclease from Bacillus stearothermophilus 
and Bca DNA polymerase lacking 5 T ^3' exonuclease from 
Bacillus caldotenax can be preferably used in the present 
invention. Additionally, an endoribonuclease can be 
preferably used as the endonuclease . The endoribonuclease 

15 that can be used include, but are not limited to, RNase H, 
for example. 

[0017] The third invention of the present invention 
relates to a method for amplifying a nucleotide sequence, 
characterized in that the method comprises: 

20 (a) preparing a reaction mixture by mixing a 

nucleic acid as a template, a deoxyribonucleotide 
triphosphate, a DNA polymerase having a strand displacement 
activity, at least one primer and an endonuclease that 
cleaves an extended strand generated from the primer, 

25 wherein the primer is a chimeric oligonucleotide primer 
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that is substantially complementary to the nucleotide 
sequence of the nucleic acid as the template and contains a 
deoxyribonucleotide and a ribonucleotide, the 
ribonucleotide being positioned at the 3' -terminus or on 
5 the 3 '-terminal side of the primer for cleavage with the 
endonuclease; and 

(b) incubating the reaction mixture for a 
sufficient time to generate a reaction product. 
[0018] Examples of the nucleotide sequences as the 

10 templates that can be used in the third invention include a 
nucleotide sequence selected from the group consisting of a 
single-stranded DNA, a double-stranded DNA denatured into 
single-stranded DNAs and a cDNA obtained by a reverse 
transcription reaction from an RNA. Two or more chimeric 

15 oligonucleotide primers may be contained in the reaction 
mixture. The DNA polymerase having a strand displacement 
activity and the endonuclease used in the first and second 
inventions can be preferably used in this invention. 
[0019] The primer used in the first to third inventions 

20 of the present invention is a chimeric oligonucleotide 
primer. For example, a chimeric oligonucleotide having a 
structure in which at least one, preferably two or more 
successive ribonucleotide residues are attached at the 3 T - 
terminus or on the 3 T -terminal side of the primer can be 

25 used. 



13 



10 



[0020] The template used in the first to third 
inventions of the present invention may be a nucleic acid 
that is amplified beforehand by a nucleic acid 
amplification method. For example, the TAS method, the 3SR 
method, the NASBA method, the TMA method, the Q(3 replicase 
method, the PCR method, the LCR method and the SDA method 
can be utilized as the nucleic acid amplification method 
although any methods for amplifying a nucleic acid can be 
used without limitation. The method of the present 
invention can be used in combination with these nucleic 
acid amplification methods. 

[0021] a random primer or a degenerate primer can be 
used in the nucleic acid amplification reaction. For 
example, without limitation, a primer having a random 
seguence or a degenerate sequence at least at the 3'- 
terminus or on the 3 '-terminal side can be preferably used. 
[0022] The fourth invention of the present invention 
relates to a chimeric oligonucleotide primer that can be 
used for the first to third inventions. The primer is 
characterized in that it contains a deoxyribonucleotide and 
a ribonucleotide and has a structure in which the 
ribonucleotide is position at the 3 '-terminus or on the 3'- 
terminal side of the primer. For example, a chimeric 
oligonucleotide primer that contains at least one, 
25 preferably two or more successive ribonucleotide residues 



15 



20 
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and enables the extension of a DNA strand from the 3 T - 
terminus thereof may be used* Such a primer is designed 
such that it is cleaved by the action of a ribonuclease 
such as RNase H at the 3 f -terminus of the ribonucleotide 
5 residue. 

[0023] The fifth invention of the present invention 
relates to a DNA polymerase having a strand displacement 
activity, an endonuclease, and a kit that contains them 
used for the first to third inventions. 

10 [0024] The sixth invention of the present invention 
relates to a method for detecting a target nucleic acid, 
characterized in that the method comprises amplifying a 
target nucleic acid by the method for amplifying a 
nucleotide sequence of the first to third inventions of the 

15 present invention and then detecting the nucleic acid. The 
methods of detection include a method in which the target 
nucleic acid is detected using a ribonucleotide (RNA) probe 
labeled with two or more fluorescent dyes positioned at a 
distance that results in a quenching state. 

20 [0025] The seventh invention of the present invention 
relates to a DNA polymerase having a strand displacement 
activity, an endonuclease and a kit that contains them used 
for the method for detecting a target nucleic acid of the 
sixth invention of the present invention. 

25 [0026] The eighth invention of the present invention 
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relates to a method for producing a material having an 
immobilized nucleic acid in which the nucleic acid is 
arrayed in a predefined region, characterized in that the 
method comprises arraying and immobilizing the nucleic acid 
5 amplified by the method for amplifying a nucleotide 
sequence of the first to third inventions of the present 
invention in a predefined region on a substrate. A method 
in which a single-stranded nucleic acid substantially free 
of a complementary strand thereto is amplified, and arrayed 
10 and immobilized in the predefined region is particularly 
preferable. 

[0027] The ninth invention of the present invention 
relates to a material having an immobilized nucleic acid in 
which the nucleic acid is arrayed in a predefined region 

15 produced by the method of the eighth invention of the 
present invention. A material having an immobilized 
nucleic acid in which a single-stranded nucleic acid 
substantially free of a complementary strand thereto is 
arrayed and immobilized in the predefined region is 

20 particularly preferable. 

[0028] The tenth invention of the present invention 
relates to a method for detecting a target nucleic acid in 
a sample, characterized in that the method uses the 
material having an immobilized nucleic acid in which the 

25 nucleic acid is arrayed in a predefined region of the ninth 
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invention of the present invention to detect a nucleic acid 
that hybridizes with the nucleic acid arrayed and 
immobilized in the predefined region on the material. 
[0029] The eleventh invention of the present invention 
5 relates to a method for producing a nucleic acid in large 
quantities, characterized in that the method comprises: 

(a) treating a nucleic acid as a template with at 
least one primer that is substantially complementary to the 
nucleotide sequence of the nucleic acid and a DNA 

10 polymerase to synthesize a primer-extended strand that is 
complementary to the template, wherein the primer is a 
chimeric oligonucleotide primer containing a 

deoxyribonucleotide and a ribonucleotide, the 
ribonucleotide being positioned at the 3 '-terminus or on 

15 the 3 '-terminal side of the primer for cleavage with an 
endonuclease; 

(b) cleaving the primer-extended strand of a 
double-stranded nucleic acid obtained in step (a) with the 
endonuclease at a site that contains the ribonucleotide; 

20 and 

(c) extending a nucleotide sequence that is 
complementary to the template using a DNA polymerase having 
a strand displacement activity from the 3' -terminus of the 
primer portion of the double-stranded nucleic acid in which 

25 the primer-extended strand is cleaved obtained in step (b) 



17 



to effect a strand displacement. 

[0030] The twelfth invention of the present invention 
relates to a method for producing a nucleic acid in large 
quantities using at least two primers, characterized in 
5 that the method comprises: 

(a) treating a nucleic acid as a template with at 
least one primer that is substantially complementary to the 
nucleotide sequence of the nucleic acid and a DNA 
polymerase to synthesize a primer-extended strand that is 

10 complementary to the template, wherein the primer is a 
chimeric oligonucleotide primer containing a 

deoxyribonucleotide and a ribonucleotide, the 

ribonucleotide being positioned at the 3 1 -terminus or on 
the 3 '-terminal side of the primer for cleavage with an 

15 endonuclease; 

(b) cleaving the primer-extended strand of a 
double-stranded nucleic acid obtained in step (a) with the 
endonuclease at a site that contains the ribonucleotide; 

(c) extending a nucleotide sequence that is 
2 0 complementary to the template using a DNA polymerase having 

a strand displacement activity from the 3' -terminus of the 
primer portion of the double-stranded nucleic acid in which 
the primer-extended strand is cleaved obtained in step (b) 
to effect a strand displacement, wherein a double-stranded 
25 nucleic acid containing a regenerated primer-extended 
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strand is reused in step (b) ; 

(d) treating a released displaced strand obtained 
in step (c) as a template with at least one primer that is 
different from that used in step (a) and a DNA polymerase 

5 to synthesize a primer-extended strand that is 
complementary to the displaced strand, wherein the primer 
that is different from that used in step (a) is a chimeric 
oligonucleotide primer that is substantially complementary 
to the nucleotide sequence of the displaced strand and 
10 - contains a deoxyribonucleotide and a ribonucleotide, the 
ribonucleotide being positioned at the 3 T -terminus or on 
the 3 '-terminal side of the primer for cleavage with an 
endonuclease; 

(e) cleaving the primer-extended strand of a 
15 double-stranded nucleic acid obtained in step (d) with the 

endonuclease at a site that contains the ribonucleotide; 
and 

(f) extending a nucleotide sequence that is 
complementary to the template using a DNA polymerase having 

2 0 a strand displacement activity from the 3' -terminus of the 
primer portion of the double-stranded nucleic acid in which 
the primer-extended strand is cleaved obtained in step (e) 
to effect a strand displacement, wherein a double-stranded 
nucleic acid containing a regenerated primer-extended 

25 strand is reused in step (e) . 
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[0031] The thirteenth invention of the present invention 
relates to a method for producing a nucleic acid in large 
quantities, characterized in that the method comprises: 

(a) preparing a reaction mixture by mixing a 
5 nucleic acid as a template, a deoxyribonucleotide 

triphosphate, a DNA polymerase having a strand displacement 
activity, at least one primer and an endonuclease that 
cleaves an extended strand generated from the primer, 
wherein the primer is a chimeric oligonucleotide primer 

10 that is substantially complementary to the nucleotide 
sequence of the nucleic acid as the template and contains a 
deoxyribonucleotide and a ribonucleotide, the 
ribonucleotide being positioned at the 3 '-terminus or on 
the 3 1 -terminal side of the primer for cleavage with the 

15 endonuclease; and 

(b) incubating the reaction mixture for a 
sufficient time to generate a reaction product. 

[0032] The fourteenth invention of the present invention 
relates to a method for amplifying a nucleotide sequence, 
20 characterized in that the method comprises: 

(a) amplifying a nucleic acid containing a 
sequence to be amplified by a nucleic acid amplification 
reaction to prepare a nucleic acid as a template; 

(b) treating the nucleic acid as the template 
25 obtained in step (a) with at least one primer that is 
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substantially complementary to the nucleotide sequence of 
the nucleic acid and a DNA polymerase to synthesize a 
primer-extended strand that is complementary to the 
template, wherein the primer is a chimeric oligonucleotide 
5 primer containing a deoxyribonucleotide and a 
ribonucleotide, the ribonucleotide being positioned at the 
3' -terminus or on the 3 '-terminal side of the primer for 
cleavage with an endonuclease; 

(c) cleaving the primer-extended strand of a 
10 double-stranded nucleic acid obtained in step (b) with the 

endonuclease at a site that contains the ribonucleotide; 
and 

(d) extending a nucleotide sequence that is 
complementary to the template using a DNA polymerase having 

15 a strand displacement activity from the 3 '-terminus of the 
primer portion of the double-stranded nucleic acid in which 
the primer-extended strand is cleaved obtained in step (c) 
to effect a strand displacement. 

[0033] The fifteenth invention of the present invention 
20 relates to a method for amplifying a nucleotide sequence 

using at least two primers, characterized in that the 

method comprises: 

(a) amplifying a nucleic' acid containing a 

sequence to be amplified by a nucleic acid amplification 
25 reaction to prepare a nucleic acid as a template; 
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(b) treating the nucleic acid as the template 
obtained in step (a) with at least one primer that is 
substantially complementary to the nucleotide sequence of 
the nucleic acid and a DNA polymerase to synthesize a 

5 primer-extended strand that is complementary to the 
template, wherein the primer is a chimeric oligonucleotide 
primer containing a deoxyribonucleotide and a 
ribonucleotide, the ribonucleotide being positioned at the 
3 '-terminus or on the 3 '-terminal side of the primer for 
10 cleavage with an endonuclease; 

(c) cleaving the primer-extended strand of a 
double-stranded nucleic acid obtained in step (b) with the 
endonuclease at a site that contains the ribonucleotide; 

(d) extending a nucleotide sequence that is 
15 complementary to the template using a DNA polymerase having 

a strand displacement activity from the 3 1 -terminus of the 
primer portion of the double-stranded nucleic acid in which 
the primer-extended strand is cleaved obtained in step (c) 
to effect a strand displacement, wherein a double-stranded 
20 nucleic acid containing a regenerated primer-extended 
strand is reused in step (c) ; 

(e) treating a released displaced strand obtained 
in step (d) as a template with at least one primer that is 
different from that used in step (b) and a DNA polymerase 

25 to synthesize a primer-extended strand that is 
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complementary to the displaced strand, wherein the primer 
that is different from that used in step (b) is a chimeric 
oligonucleotide primer that is substantially complementary 
to the nucleotide sequence of the displaced strand and 
5 contains a deoxyribonucleotide and a ribonucleotide, the 
ribonucleotide being positioned at the 3 T -terminus or on 
the 3 '-terminal side of the primer for cleavage with an 
endonuclease; 

(f) cleaving the primer-extended strand of a 
10 double-stranded nucleic acid obtained in step (e) with the 

endonuclease at a site that contains the ribonucleotide; 
and 

(g) extending a nucleotide sequence that is 
complementary to the template using a DNA polymerase having 

15 a strand displacement activity from the 3 '-terminus of the 
primer portion of the double-stranded nucleic acid in which 
the primer-extended strand is cleaved obtained in step (f) 
to effect a strand displacement, wherein a double-stranded 
nucleic acid containing a regenerated primer-extended 

20 strand is reused in step (f) . 

[0034] The sixteenth invention of the present invention 
relates to a method for amplifying a nucleotide sequence, 
characterized in that the method comprises; 

(a) amplifying a nucleic acid containing a 

25 sequence to be amplified by a nucleic acid amplification 
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reaction to prepare a nucleic acid as a template; 

(b) preparing a reaction mixture by mixing the 
nucleic acid as the template obtained in step (a) , a 
deoxyribonucleotide triphosphate, a DNA polymerase having a 

5 strand displacement activity, at least one primer and an 
endonuclease that cleaves an extended strand generated from 
the primer, wherein the primer is a chimeric 
oligonucleotide primer that is substantially complementary 
to the nucleotide sequence of the nucleic acid as the 
10 template and contains a deoxyribonucleotide and a 
ribonucleotide, the ribonucleotide being positioned at the 
3' -terminus or on the 3 '-terminal side of the primer for 
cleavage with the endonuclease; and 

(c) incubating the reaction mixture for a 
15 sufficient time to generate a reaction product. 

[0035] In the fourteenth to sixteenth inventions of the 
present invention, a nucleic acid containing a sequence to 
be amplified is amplified beforehand by a nucleic acid 
amplification reaction. The amplification product is then 

20 used as a nucleic acid as a template in the method of the 
first to third inventions of the present invention. For 
example, the TAS method, the 3SR method, the NASBA method, 
the TMA method,, the Qp replicase method, the PCR method, 
the LCR method and the SDA method can be used as the 

25 nucleic acid amplification method used in the fourteenth to 
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sixteenth inventions although any methods for amplifying a 
nucleic acid can be used without limitation. 

[0036] A random primer or a degenerate primer can be 
used in the nucleic acid amplification reaction. For 
5 example, without limitation, a primer having a random 
sequence or a degenerate sequence at least at the 3 T - 
terminus or on the 3 T -terminal side can be preferably used. 
[0037] The seventeenth invention of the present 
invention relates to a method for amplifying a nucleotide 

10 sequence, characterized in that the method comprises: 

(a) treating a nucleic acid as a template with at 
least one primer that is substantially complementary to the 
nucleotide sequence of the nucleic acid and a DNA 
polymerase to synthesize a primer-extended strand that is 

15 complementary to the template, wherein the primer is a 
chimeric oligonucleotide primer containing a 

deoxyribonucleotide and a ribonucleotide, the 

ribonucleotide being positioned at the 3 T -terminus or on 
the 3' -terminal side of the primer; 

20 (b) cleaving the primer-extended strand of a 

double-stranded nucleic acid obtained in step (a) with an 
endonuclease at a site that contains the ribonucleotide; 
and 

(c) extending a nucleotide sequence that is 
25 complementary to the template using a DNA polymerase having 



a strand displacement activity from the 3 '-terminus of the 
primer portion of the double-stranded nucleic acid in which 
the primer-extended strand is cleaved obtained in step (b) 
to effect a strand displacement. 

[0038] The eighteenth invention of the present invention 
relates to a method for amplifying a nucleotide sequence 
using at least two primers, characterized in that the 
method comprises: 

(a) treating a nucleic acid as a template with at 
least one primer that is substantially complementary to the 
nucleotide sequence of the nucleic acid and a DNA 
polymerase to synthesize a primer-extended strand that is 
complementary to the template, wherein the primer is a 
chimeric oligonucleotide primer containing a 
deoxyribonucleotide and a ribonucleotide, the 
ribonucleotide being positioned at the 3 T -terminus or on 
the 3' -terminal side of the primer; 

(b) cleaving the primer-extended strand of a 
double-stranded nucleic acid obtained in step (a) with an 
endonuclease at a site that contains the ribonucleotide; 

(c) extending a nucleotide sequence that is 
complementary to the template using a DNA polymerase having 
a strand displacement activity from the 3' -terminus of the 
primer portion of the double-stranded nucleic acid in which 
the primer-extended strand is cleaved obtained in step (b) 



to effect a strand displacement, wherein a double-stranded 
nucleic acid containing a regenerated primer-extended 
strand is reused in step (b) ; 

(d) treating a released displaced strand obtained 
in step (c) as a template with at least one primer that is 
different from that used in step (a) and a DNA polymerase 
to synthesize a primer-extended strand that is 
complementary to the displaced strand, wherein the primer 
that is different from that used in step (a) is a chimeric 
oligonucleotide primer that is substantially complementary 
to the nucleotide sequence of the displaced strand and 
contains a deoxyribonucleotide and a ribonucleotide, the 
ribonucleotide being positioned at the 3' -terminus or on 
the 3' -terminal side of the primer; 

(e) cleaving the primer-extended strand of a 
double-stranded nucleic acid obtained in step (d) with an 
endonuclease at a site that contains the ribonucleotide; 
and 

(f) extending a nucleotide sequence that is 
complementary to the template using a DNA polymerase having 
a strand displacement activity from the 3' -terminus of the 
primer portion of the double-stranded nucleic acid in which 
the primer-extended strand is cleaved obtained in step (e) 
to effect a strand displacement, wherein a double-stranded 
nucleic acid containing a regenerated primer-extended 
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strand is reused in step (e) . 

[0039] The nineteenth invention of the present invention 
relates to a method for amplifying a nucleotide sequence, 
characterized in that the method comprises: 

(a) preparing a reaction mixture by mixing a 
nucleic acid as a template, a deoxyribonucleotide 
triphosphate, a DNA polymerase having a strand displacement 
activity, at least one primer and an endonuclease that 
cleaves an extended strand generated from the primer, 
wherein the primer is a chimeric oligonucleotide primer 
that is substantially complementary to the nucleotide 
sequence of the nucleic acid as the template and contains a 
deoxyribonucleotide and a ribonucleotide, the 

ribonucleotide being positioned at the 3 '-terminus or on 
the 3' -terminal side of the primer; and 

(b) incubating the reaction mixture for a 
sufficient time to generate a reaction product. 
[0040] The twentieth invention of the present invention 
relates to a method for amplifying a nucleotide sequence, 
characterized in that the method comprises; 

(a) treating a nucleic acid as a template with at 
least one primer that is substantially complementary to the 
nucleotide sequence of the nucleic acid and a DNA 
polymerase to synthesize a primer-extended strand that is 
complementary to the template, wherein the primer is a 
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chimeric oligonucleotide primer containing a 

deoxyribonucleotide and a ribonucleotide, the 
ribonucleotide being positioned at the 3 '-terminus or on 
the 3 '-terminal side of the primer, wherein an endonuclease 
cleaves at a site that contains the ribonucleotide; 

(b) cleaving the primer-extended strand of a 
double-stranded nucleic acid obtained in step (a) with the 
endonuclease at the site that contains the ribonucleotide; 
and 

(c) extending a nucleotide sequence that is 
complementary to the template using a DNA polymerase having 
a strand displacement activity from the 3 T -terminus of the 
primer portion of the double-stranded nucleic acid in which 
the primer-extended strand is cleaved obtained in step (b) 
to effect a strand displacement, 

[0041] The twenty-first invention of the present 
invention relates to a method for amplifying a nucleotide 
sequence using at least two primers, characterized in that 
the method comprises: 

(a) treating a nucleic acid as a template with at 
least one primer that is substantially complementary to the 
nucleotide sequence of the nucleic acid and a DNA 
polymerase to synthesize a primer-extended strand that is 
complementary to the template, wherein the primer is a 
chimeric oligonucleotide primer containing a 
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deoxyribonucleotide and a ribonucleotide, the 
ribonucleotide being positioned at the 3 '-terminus or on 
the 3 '-terminal side of the primer, wherein an endonuclease 
cleaves at a site that contains the ribonucleotide; 
5 (b) cleaving the primer-extended strand of a 

double-stranded nucleic acid obtained in step (a) with the 
endonuclease at the site that contains the ribonucleotide; 

(c) extending a nucleotide sequence that is 
complementary to the template using a DNA polymerase having 

10 a strand displacement activity from the 3' -terminus of the 
primer portion of the double-stranded nucleic acid in which 
the primer-extended strand is cleaved obtained in step (b) 
to effect a strand displacement, wherein a double-stranded 
nucleic acid containing a regenerated primer-extended 

15 strand is reused in step (b) ; 

(d) treating a released displaced strand obtained 
in step (c) as a template with at least one primer that is 
different from that used in step (a) and a DNA polymerase 
to synthesize a primer-extended strand that is 

20 complementary to the displaced strand, wherein the primer 
that is different from that used in step (a) is a chimeric 
oligonucleotide primer that is substantially complementary 
to the nucleotide sequence of the displaced strand and 
contains a deoxyribonucleotide and a ribonucleotide, the 

25 ribonucleotide being positioned at the 3 '-terminus or on 
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the 3 '-terminal side of the primer, wherein an endonuclease 
cleaves at a site that contains the ribonucleotide; 

(e) cleaving the primer-extended strand of a 
double-stranded nucleic acid obtained in step (d) with the 
endonuclease at the site that contains the ribonucleotide; 
and 

(f) extending a nucleotide sequence that is 
complementary to the template using a DNA polymerase having 
a strand displacement activity from the 3* -terminus of the 
primer portion of the double-stranded nucleic acid in which 
the primer-extended strand is cleaved obtained in step (e) 
to effect a strand displacement, wherein a double-stranded 
nucleic acid containing a regenerated primer-extended 
strand is reused in step (e) . 

[0042] The twenty-second invention of the present 
invention relates to a method for amplifying a nucleotide 
sequence, characterized in that the method comprises: 

(a) preparing a reaction mixture by mixing a 
nucleic acid as a template, a deoxyribonucleotide 
triphosphate, a DNA polymerase having a strand displacement 
activity, at least one primer and an endonuclease that 
cleaves an extended strand generated from the primer, 
wherein the primer is a chimeric oligonucleotide primer 
that is substantially complementary to the nucleotide 
sequence of the nucleic acid as the template and contains a 



deoxyribonucleotide and a ribonucleotide, the 
ribonucleotide being positioned at the 3 T -terminus or on 
the 3 '-terminal side of the primer, wherein the 
endonuclease cleaves at a site that contains the 
ribonucleotide; and 

(b) incubating the reaction mixture for a 
sufficient time to generate a reaction product. 
[0043] The twenty-third invention of the present 
invention relates to a method for determining a nucleotide 
sequence of a nucleic acid, characterized in that the 
method comprises amplifying a nucleotide sequence according 
to the method of any one of the first to third and 
fourteenth to twenty-second inventions. 

[0044] The twenty- fourth invention of the present 
invention relates to a method for amplifying a target 
nucleic acid, characterized in that the method comprises: 

(a) preparing a reaction mixture by mixing a 
nucleic acid as a template, a deoxyribonucleotide 
triphosphate, a DNA polymerase having a strand displacement 
activity, at least one primer and an RNase H, wherein the 
primer is a chimeric oligonucleotide primer that is 
substantially complementary to the nucleotide sequence of 
the nucleic acid as the template and contains a 
ribonucleotide as well as at least one selected from the 
group consisitng of a deoxyribonucleotide and a nucleotide 
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analog, the ribonucleotide being positioned at the 3 T - 
terminus or on the 3 f -terminal side of the primer; and 

(b) incubating the reaction mixture for a 
sufficient time to generate a reaction product. 
[0045] In the twenty-fourth invention of the present 
invention, a reaction mixture that further contains a 
chimeric oligonucleotide primer having a sequence that is 
substantially homologous to the nucleotide sequence of the 
nucleic acid as the template can be used. 

[0046] The twenty-fifth invention of the present 

invention relates to a method for amplifying a nucleic acid, 
characterized in that the method comprises: 

(a) treating a nucleic acid as a template with at 
least one primer that is substantially complementary to the 
nucleotide sequence of the nucleic acid and a DNA 
polymerase to synthesize a primer-extended strand that is 
complementary to the template and synthesize a double- 
stranded nucleic acid, wherein the primer is a chimeric 
oligonucleotide primer containing a ribonucleotide as well 
as at least one selected from the group consisitng of a 
deoxyribonucleotide and a nucleotide analog, the 
ribonucleotide being positioned at the 3 '-terminus or on 
the 3 '-terminal side of the primer; 

(b) extending a nucleic acid that is 
complementary to the double-stranded nucleic acid as a 



template obtained in the previous step using a DNA 
polymerase having a strand displacement activity in the 
presence of an RNase H to effect a strand displacement and 
synthesize a displaced strand and a double-stranded nucleic 
acid; and 

(c) reusing in step (b) the double-stranded 
nucleic acid obtained in step (b) as a template. 
[0047] The twenty-sixth invention of the present 
invention relates to a method for amplifying a nucleic acid 
using at least two primers, characterized in that the 
method comprises: 

(a) treating a nucleic acid as a template with at 
least one primer that is substantially complementary to the 
nucleotide sequence of the nucleic acid and a DNA 
polymerase to synthesize a primer-extended strand that is 
complementary to the template, wherein the primer is a 
chimeric oligonucleotide primer containing a ribonucleotide 
as well as at least one selected from the group consisitng 
of a deoxyribonucleotide and a nucleotide analog, the 
ribonucleotide being positioned at the 3 '-terminus or on 
the 3 T -terminal side of the primer; 

(b) extending a nucleic acid that is 
complementary to the double-stranded nucleic acid as a 
template obtained in the previous step using a DNA 
polymerase having a strand displacement activity in the 
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presence of an RNase H to effect a strand displacement and 
synthesize a displaced strand and a double-stranded nucleic 
acid; 

(c) reusing in step (b) the double-stranded 
5 nucleic acid obtained in step (b) as a template; 

(d) treating a displaced strand obtained in step 
(b) as a template with at least one primer that is 
different from that used in step (a) and a DNA polymerase 
to synthesize a primer-extended strand that is 

10 complementary to the displaced strand, wherein the primer 
that is different from that used in step (a) is a chimeric 
oligonucleotide primer that is substantially complementary 
to the nucleotide sequence of the displaced strand and 
contains a ribonucleotide as well as at least one selected 

15 from the group consisitng of a deoxyribonucleotide and a 
nucleotide analog, the ribonucleotide being positioned at 
the 3' -terminus or on the 3 '-terminal side of the primer; 

(e) extending a nucleic acid that is 
complementary to the double-stranded nucleic acid as a 

20 template obtained in the previous step using a DNA 
polymerase having a strand displacement activity in the 
presence of an RNase H to effect a strand displacement and 
synthesize a displaced strand and a double-stranded nucleic 
acid; and 

25 (f) reusing in step (e) the double-stranded 



nucleic acid obtained in step (e) as a template. 
[0048] In the twenty-fifth or twenty-sixth invention of 
the present invention, a DNA polymerase having a strand 
displacement activity can be used as the DNA polymerase. 
[0049] The twenty-seventh invention of the present 
invention relates to method for amplifying a nucleic acid, 
characterized in that the method comprises: 

(a) treating a double-stranded nucleic acid as a 
template with two primers that are substantially 
complementary to the nucleotide sequences of the respective 
strands of the double-stranded nucleic acid and a DNA 
polymerase having a strand displacement activity to 
synthesize primer-extended strands that are complementary 
to the template and obtain a double-stranded nucleic acid 
consisting of the synthesized primer-extended strands being 
annealed each other, wherein each primer is a chimeric 
oligonucleotide primer containing a ribonucleotide as well 
as at least one selected from the group consisitng of a 
deoxyribonucleotide and a nucleotide analog, the 
ribonucleotide being positioned at the 3 '-terminus or on 
the 3 '-terminal side of the primer; 

(b) cleaving the double-stranded nucleic acid 
consisting of the primer-extended strands obtained in step 
(a) with the endonuclease at sites that contain the 
ribonucleotides ; and 



(c) extending nucleic acids that are 
complementary to the template using a DNA polymerase having 
a strand displacement activity from the 3 '-termini of the 
respective primer portions of the double-stranded nucleic 
acid in which the primer-extended strands are cleaved 
obtained in step (b) to effect strand displacements and 
obtain a double-stranded nucleic acid consisting of the 
template and the primer-extended strand. 

[0050] The twenty-eighth invention of the present 
invention relates to a method for amplifying a nucleic acid, 
characterized in that the method comprises: 

(a) treating a double-stranded nucleic acid as a 
template with two primers that are substantially 
complementary to the nucleotide sequences of the respective 
strands of the double-stranded nucleic acid and a DNA 
polymerase having a strand displacement activity to 
synthesize primer-extended strands that are complementary 
to the template and obtain a double-stranded nucleic acid 
consisting of the synthesized primer-extended strands being 
annealed each other, wherein each primer is a chimeric 
oligonucleotide primer containing a ribonucleotide as well 
as at least one selected from the group consisitng of a 
deoxyribonucleotide and a nucleotide analog, the 
ribonucleotide being positioned at the 3' -terminus or on 
the 3 '-terminal side of the primer; 



37 



(b) cleaving the double-stranded nucleic acid 
consisting of the primer-extended strands obtained in step 
(a) with the endonuclease at sites that contain the 
ribonucleotides ; and 

(c) extending nucleic acids that are 
complementary to the template using a DNA polymerase having 
a strand displacement activity from the 3 '-termini of the 
respective primer portions of the double-stranded nucleic 
acid in which the primer-extended strands are cleaved 
obtained in step (b) to effect strand displacements and 
obtain a double-stranded nucleic acid consisting of the 
primer-extended strands being annealed each other, 

[0051] The twenty-ninth invention of the present 

invention relates to a method for amplifying a nucleic acid, 
characterized in that the method comprises: 

(a) treating a double-stranded nucleic acid as a 
template with two primers that are substantially 
complementary to the nucleotide sequences of the respective 
strands of the double-stranded nucleic acid and a DNA 
polymerase having a strand displacement activity to 
synthesize primer-extended strands that are complementary 
to the template and obtain a double-stranded nucleic acid 
consisting of the synthesized primer-extended strands being 
annealed each other, wherein each primer is a chimeric 
oligonucleotide primer containing a ribonucleotide as well 



as at least one selected from the group consisitng of a 
deoxyribonucleotide and a nucleotide analog, the 
ribonucleotide being positioned at the 3 1 -terminus or on 
the 3 T -terminal side of the primer; 

(b) cleaving the double-stranded nucleic acid 
consisting of the primer-extended strands obtained in step 
(a) with the endonuclease at sites that contain the 
ribonucleotides ; 

(c) extending nucleic acids that are 
complementary to the template using a DNA polymerase having 
a strand displacement activity from the 3 T -termini of the 
respective primer portions of the double-stranded nucleic 
acid in which the primer-extended strands are cleaved 
obtained in step (b) to effect strand displacements and 
obtain a double-stranded nucleic acid consisting of the 
primer-extended strands being annealed each other and a 
double-stranded nucleic acid consisting of the templates 
being annealed each other to which the two primers in step 
(a) are annealed; 

(d) extending nucleic acids that are 
complementary to the template using a DNA polymerase having 
a strand displacement activity from the 3 T -termini of the 
respective primer portions of the double-stranded nucleic 
acid to which the two primers are annealed obtained in step 
(c) to effect strand displacements and obtain a double- 



stranded nucleic acid consisting of the primer-extended 
strands being annealed each other and a double-stranded 
nucleic acid consisting of the templates being annealed 
each other to which the two primers in step (a) are 
annealed; and 

(e) reusing in step (d) the double-stranded 
nucleic acid to which the two primers are annealed obtained 
in step (d) . 

[0052] The thirtieth invention of the present invention 
relates to a method for amplifying a nucleic acid, 
characterized in that the method comprises: 

(a) treating a double-stranded nucleic acid. as a 
template with two primers that are substantially 
complementary to the nucleotide sequences of the respective 
strands of the double-stranded nucleic acid and a DNA 
polymerase having a strand displacement activity to 
synthesize primer-extended strands that are complementary 
to the template and obtain a double-stranded nucleic acid 
consisting of the synthesized primer-extended strands being 
annealed each other, wherein each primer is a chimeric 
oligonucleotide primer containing a ribonucleotide as well 
as at least one selected from the group consisitng of a 
deoxyribonucleotide and a nucleotide analog, the 
ribonucleotide being positioned at the 3 T -terminus or on 
the 3 '-terminal side of the primer; 
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(b) cleaving the double-stranded nucleic acid 
consisting of the primer-extended strands obtained in step 
(a) with the endonuclease at sites that contain the 
ribonucleotides ; 

5 (c) extending nucleic acids that are 

complementary to the template using a DNA polymerase having 
a strand displacement activity from the 3 1 -termini of the 
respective primer portions of the double-stranded nucleic 
acid in which the primer-extended strands are cleaved 

10 obtained in step (b) to effect strand displacements and 
obtain a double-stranded nucleic acid consisting of the 
primer-extended strands being annealed each other and a 
double-stranded nucleic acid consisting of the templates 
being annealed each other to which the two primers in step 

15 (a) are annealed; 

(d) extending nucleic acids that are 
complementary to the template using a DNA polymerase having 
a strand displacement activity from the 3 1 -termini of the 
respective primer portions of the double- stranded nucleic 

20 acid to which the two primers are annealed obtained in step 
(c) to effect a strand displacement and obtain a double- 
stranded nucleic acid consisting of the template and the 
primer- extended strand; 

(e) cleaving the double-stranded nucleic acid 
25 consisting of the template and the primer-extended strand 
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obtained in step (d) with the endonuc lease at a site that 
contains the ribonucleotide; and 

(f) extending a nucleic acid that is 
complementary to the template using a DNA polymerase having 
5 a strand displacement activity from the 3 '-terminus of the 
primer portion of the double-stranded nucleic acid in which 
the primer-extended strand is cleaved obtained in step (e) 
to synthesize a displaced strand. 

[0053] In the twenty-seventh to thirtieth invention, an 
10 endoribonuclease such as an RNase H can be used as the 
endonuclease . 

[0054] In the twenty-fourth to thirtieth invention 
wherein an RNase H is used, an RNase H from Escherichia 
coli, a bacterium of genus Thermotoga, a bacterium of genus 
15 Thermus, a bacterium of genus Pyrococcus, a bacterium of 
genus Archaeoglobus, a bacterium of genus Bacillus or the 
like can be used. 

[0055] In the twenty-fourth to thirtieth invention, an 

example of the suitable length of the region to be 
20 specifically amplified in the nucleotide sequence of the 
target nucleic acid is 200 bp or shorter. 

[0056] For the twenty-fourth to thirtieth invention of 
the present invention, a chimeric oligonucleotide primer 
represented by general formula below can be used: 
25 General formula: 5 T -dNa-Nb-dNc-3 T 
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(a : an integer of 11 or more; b : an integer of 1 or more; 
c: 0 or an integer of 1 or more; dN: deoxyribonucleotide 
and/or nucleotide analog; N: unmodified ribonucleotide 
and/or modified ribonucleotide, wherein some of dNs in dNa 
5 may be replaced by Ns, and the nucleotide at the 3 1 - 
terminus may be modified such that extension from the 3 f - 
terminus by the action of the DNA polymerase does not take 
place) . 

[0057] Such chimeric oligonucleotide primers are 
10 exemplified by a primer in which c is 0 and a primer in 
which the nucleotide analog is deoxyriboinosine nucleotide 
or deoxyribouracil nucleotide, and the modified 
ribonucleotide is (a-S) ribonucleotide. Furthermore, when 
such a chimeric oligonucleotide primer is used, the DNA 
15 extension reaction is conducted at a DNA extension reaction 
temperature suitable for the primer. 

[0058] The amplification method of the twenty-fourth to 
thirtieth invention can comprise annealing the nucleic acid 
as the template to the chimeric oligonucleotide primer that 

20 is substantially complementary to the nucleotide sequence 
of the nucleic acid in an annealing solution containing a 
substance that enhances the annealing of the nucleic acid 
to the primer. For example, the annealing solution may 
contain spermidine and/or propylenediamine . The annealing 

25 can be conducted by incubating the annealing solution 
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containing the nucleic acid as the template and the 
chimeric oligonucleotide primer that is substantially 
complementary to the nucleotide sequence of the nucleic 
acid at 90 °C or above and then cooling the solution to a 
5 temperature at which the amplification reaction is 
conducted or below. 

[0059] The amplification reaction of the twenty-fourth 
to thirtieth invention can be conducted in a buffer 
containing a buffering component selected from the group 

10 consisting of Bicine and HEPES ♦ 

[0060] In the twenty-fourth to thirtieth invention, for 
example, a DNA polymerase selected from the group 
consisting of Klenow fragment of DNA polymerase I from 
Escherichia coli, Bst DNA polymerase lacking 5 f ^3 f 

15 exonuclease from Bacillus stearothermophilus and Bca DNA 
polymerase lacking 5 T ^3 T exonuclease from Bacillus 
caldotenax can be used as the DNA polymerase having a 
strand displacement activity. 

[0061] In one aspect of the twenty-fourth to thirtieth 
20 invention, Bca DNA polymerase lacking 5 T -*3 T exonuclease 
from Bacillus caldotenax is used as the DNA polymerase 
having a strand displacement activity and an RNase H from 
Escherichia coli, a bacterium of genus Pyrococcus or a 
bacterium of genus Archaeoglobus is used as the 
25 endonuclease . The RNase H is exemplified by type I RNase H 
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from Escherichia coli, or type II RNase H from a bacterium 
of genus Pyrococcus or a bacterium of genus Archaeoglobus . 
[0062] In the twenty-fourth to thirtieth invention, a 

DNA polymerase having an endonuclease activity can be used. 
Bca DNA polymerase lacking 5 f ^3 f exonuclease from Bacillus 
caldotenax can be used as such a DNA polymerase and the 
amplification reaction can be conducted in the presence of 
a substance that allows the endonuclease activity of the 
DNA polymerase to express . The substance that allows the 
endonuclease activity of the Bca DNA polymerase to express 
is exemplified by a manganese ion, 

[0063] The method for amplifying a target nucleic acid 

of the twenty-fourth to thirtieth invention can be 
conducted in the presence of a substance that inhibits the 
reverse transcription activity of the DNA polymerase. The 
substance that inhibits the reverse transcription activity 
of the DNA polymerase is exemplified by phosphonof ormic 
acid. 

[0064] The twenty- fourth to thirtieth invention of the 

present invention can be conducted using a single-stranded 
DNA or a double-stranded DNA as the template. If the 
nucleic acid as the template is a double-stranded DNA, the 
amplification reaction can be conducted after converting it 
into single-stranded DNAs . 

[0065] The nucleic acid as the template may be a cDNA 
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obtained by a reverse transcription reaction using an RNA 
as a template. In one aspect, the amplification reaction 
is conducted after synthesizing a cDNA by a reverse 
transcription reaction using an RNA as a template. A DNA 
5 polymerase having a reverse transcriptase activity can be 
used for the reverse transcription reaction. For example, 
the reverse transcription reaction and the synthesis of the 
extended strand that is complementary to the template can 
be conducted using one DNA polymerase having a reverse 

10 transcriptase activity and a strand displacement activity. 

Such a DNA polymerase is exemplified by Bst DNA polymerase 
lacking 5 T ^3 T exonuclease from Bacillus stearothermophilus 
or Bca DNA polymerase lacking 5 T -*3 f exonuclease from 
Bacillus caldotenax . 

15 [0066] In the twenty-fourth to thirtieth invention, the 
amplification reaction can be conducted under isothermal 
conditions. In addition, it can be conducted in the 
presence of a deoxynucleotide triphosphate analog such as 
deoxyuridine triphosphate or a derivative thereof. 

20 [0067] The thirty-first invention of the present 
invention relates to a composition for amplifying a nucleic 
acid which contains: 

(a) at least one primer that is substantially 
complementary to a nucleotide sequence of a nucleic acid as 

25 a template, wherein the primer is a chimeric 



oligonucleotide primer that contains a ribonucleotide as 
well as at least one selected from the group consisitng of 
a deoxyribonucleotide and a nucleotide analog, the 
ribonucleotide being positioned at the 3 '-terminus or on 
the 3 1 -terminal side of the primer; 

(b) an endonuclease; and 

(c) a DNA polymerase having a strand displacement 

activity . 

[0068] The thirty-second invention of the present 
invention relates to a composition for amplifying a nucleic 
acid which contains: 

(a) at least two primers that are substantially 
complementary to nucleotide sequences of respective strands 
of a double-stranded nucleic acid as a template, wherein 
each primer is a chimeric oligonucleotide primer that 
contains a ribonucleotide as well as at least one selected 
from the group consisitng of a deoxyribonucleotide and a 
nucleotide analog, the ribonucleotide being positioned at 
the 3 '-terminus or on the 3 '-terminal side of the primer; 

(b) an endonuclease; and 

(c) a DNA polymerase having a strand displacement 

activity. 

[0069] The thirty-third invention of the present 
invention relates to a composition for amplifying a nucleic 
acid obtained by mixing a nucleic acid as a template, a 
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deoxyribonucleotide triphosphate, a DNA polymerase having a 
strand displacement activity, at least one primer and an 
endonuclease, wherein the primer is a chimeric 
oligonucleotide primer that is substantially complementary 
5 to the nucleotide sequence of the nucleic acid as the 
template and contains a ribonucleotide as well as at least 
one selected from the group consisitng of a 
deoxyribonucleotide and a nucleotide analog, the 
ribonucleotide being positioned at the 3 '-terminus or on 

10 the 3 T -terminal side of the primer. 

[0070] The thirty-fourth invention of the present 

invention relates to composition for amplifying a nucleic 
acid obtained by mixing a nucleic acid as a template, a 
deoxyribonucleotide triphosphate, a DNA polymerase having a 

15 strand displacement activity, at least two primers and an 
endonuclease, wherein each primer is a chimeric 
oligonucleotide primer that is substantially complementary 
to the nucleotide sequence of each strand of the double- 
stranded nucleic acid as the template and contains a 

20 ribonucleotide as well as at least one selected from the 
group consisitng of a deoxyribonucleotide and a nucleotide 
analog, the ribonucleotide being positioned at the 3 T - 
terminus or on the 3 T -terminal side of the primer. 
[0071] The primer contained in the composition of the 

25 thirty-first to thirty-fourth invention of the present 
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invention is exemplified by a chimeric oligonucleotide 
primer represented by general formula below: 

General formula: 5 T -dNa-Nb-dNc-3 T 
(a : an integer of 11 or more; b : an integer of 1 or more; 
5 c: 0 or an integer of 1 or more; dN: deoxyribonucleotide 
and/or nucleotide analog; N: unmodified ribonucleotide 
and/or modified ribonucleotide, wherein some of dNs in dNa 
may be replaced by Ns, and the nucleotide at the 3 f - 
terminus may be modified such that extension from the 3 T - 
10 terminus by the action of the DNA polymerase does not take 
place) . 

[0072] Such chimeric oligonucleotide primers are 
exemplified by a primer in which c is 0 and a primer in 
which the nucleotide analog is deoxyriboinosine nucleotide 
15 or deoxyribouracil nucleotide, and the modified 
ribonucleotide is (a-S) ribonucleotide. 

[0073] The composition of the thirty-first to thirty- 

fourth invention can contain a buffering component suitable 
for a nucleic acid amplification reaction. For example, it 
20 can contain a buffering component selected from the group 
consisting of Bicine and HEPES . 

[0074] The thirty-first to thirty-fourth invention is 
exemplified by a composition containing a DNA polymerase 
selected from the group consisting of Klenow fragment of 
25 DNA polymerase I from Escherichia coli, Bst DNA polymerase 
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lacking 5 T ^3 T exonuclease from Bacillus stearothermophilus 
and Bca DNA polymerase lacking 5 T ^3 T exonuclease from 
Bacillus caldotenax as the DNA polymerase having a strand 
displacement activity. An endoribonuclease such as an 
RNase H can be used as the endonuclease. The RNase H is 
exemplified by an RNase H from Escherichia coli, a 
bacterium of genus Thermotoga, a bacterium of genus Thermus, 
a bacterium of genus Pyrococcus, a bacterium of genus 
Archaeoglobus, a bacterium of genus Bacillus or the like. 
[0075] In one aspect, the composition of the thirty- 
first to thirty-fourth invention contains Bca DNA 
polymerase lacking 5'->3 f exonuclease from Bacillus 
caldotenax as the DNA polymerase having a strand 
displacement activity and an RNase H from Escherichia coli, 
a bacterium of genus Pyrococcus or a bacterium of genus 
Archaeoglobus as the endonuclease. The RNase H is 

exemplified by type I RNase H from Escherichia coli, or 
type II RNase H from a bacterium of genus Pyrococcus or a 
bacterium of genus Archaeoglobus, 

[0076] The composition of the thirty-first to thirty- 

fourth invention may contain a DNA polymerase having an 
endonuclease activity. Bca DNA polymerase lacking 5 T ^3 T 
exonuclease from Bacillus caldotenax can be used as such a 
DNA polymerase, which can be used in the presence of a 
substance that allows the endonuclease activity of the DNA 
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polymerase to express. The substance that allows the 
encionuclease activity of the Bca DNA polymerase to express 
is exemplified by a manganese ion. 

[0077] The composition of the thirty-first to thirty- 
5 fourth invention can contain a substance that inhibits the 
reverse transcription activity of the DNA polymerase. The 
substance that inhibits the reverse transcription activity 
of the DNA polymerase is exemplified by phosphonof ormic 
acid. Furthermore, the composition may contain a 

10 deoxynucleotide triphosphate analog such as deoxyuridine 
triphosphate or a derivative thereof. 

[0078] The thirty-fifth invention of the present 
invention relates to a composition for amplifying a nucleic 
acid used for the method for amplifying a nucleic acid of 
15 the twenty-fourth to twenty-sixth invention, which 
contains : 

(a) an RNase H; and 

(b) a DNA polymerase having a strand displacement 

activity. 

20 [0079] The thirty-sixth invention of the present 

invention relates to a composition for amplifying a nucleic 
acid used for the method for amplifying a nucleic acid of 
the twenty-seventh to thirtieth invention, which contains: 
(a) an endonuclease ; and 

25 (b) a DNA polymerase having a strand displacement 



activity* 

[0080] An endoribonuclease such as an RNase H can be 
used as the endonuclease for the composition of the thirty- 
sixth invention. 

[0081] An RNase H selected from the group consisting of 
an RNase H from Escherichia coli, an RNase H from a 
bacterium of genus Thermotoga, an RNase H from a bacterium 
of genus Thermus, an RNase H from a bacterium of genus 
Pyrococcus, an RNase H from a bacterium of genus 
Archaeoglobus and an RNase H from a bacterium of genus 
Bacillus can be used as the RNase H for the composition of 
the thirty-f if th or thirty- sixth invention which contains 
an RNase H. 

[0082] The composition of the thirty-fifth or thirty- 

sixth invention can further contain a buffering component 
suitable for a nucleic acid amplification reaction. For 
example, the composition may contain a buffering component 
selected from the group consisting of Bicine and HEPES . 
[0083] The thirty-fifth or thirty-sixth invention is 
exemplified by a composition that contains a DNA polymerase 
selected from the group consisting of Klenow fragment of 
DNA polymerase I from Escherichia coli, Bst DNA polymerase 
lacking 5 f -^3 ! exonuclease from Bacillus stearothermophilus 
and Bca DNA polymerase lacking 5 T ^3 T exonuclease from 
Bacillus caldotenax as the DNA polymerase having a strand 
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displacement activity. An endoribonuclease such as an 
RNase H can be used as the endonuclease . The RNase H is 
exemplified by an RNase H from Escherichia coli, a 
bacterium of genus Thermotoga, a bacterium of genus Thermus, 
a bacterium of genus Pyrococcus, a bacterium of genus 
Archaeoglobus, a bacterium of genus Bacillus or the like. 
[0084] In one aspect, the composition of the thirty- 
fifth or thirty-sixth invention contains Bca DNA polymerase 
lacking 5 T ^3 f exonuclease from Bacillus caldotenax as the 
DNA polymerase having a strand displacement activity and an 
RNase H from Escherichia coli, a bacterium of genus 
Pyrococcus or a bacterium of genus Archaeoglobus as the 
endonuclease. The RNase H is exemplified by type I RNase H 
from Escherichia coli, or type II RNase H from a bacterium 
of genus Pyrococcus or a bacterium of genus Archaeoglobus. 
[0085] The composition of the thirty-fifth or thirty- 
sixth invention may contain a DNA polymerase having an 
endonuclease activity. Bca DNA polymerase lacking 5'->3 T 
exonuclease from Bacillus caldotenax can be used as such a 
DNA polymerase, which can be used in the presence of a 
substance that allows the endonuclease activity of the DNA 
polymerase to express. The substance that allows the 
endonuclease activity of the Bca DNA polymerase to express 
is exemplified by a manganese ion. 

[0086] The composition of the thirty-fifth or thirty- 
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sixth invention can contain a substance that inhibits the 
reverse transcription activity of the DNA polymerase. The 
substance that inhibits the reverse transcription activity 
of the DNA polymerase is exemplified by phosphonof ormic 
5 acid. Furthermore, the composition may contain a 

deoxynucleotide triphosphate analog such as deoxyuridine 
triphosphate or a derivative thereof. 

[0087] The thirty-seventh invention of the present 
invention relates to a kit for amplifying a nucleic acid 
10 used for the method for amplifying a nucleic acid of the 
twenth- fourth to twenty-sixth of the present invention, 
which contains: 

(a) an RNase H; and 

(b) a DNA polymerase having a strand displacement 

15 activity. 

[0088] The thirty-eighth invention of the present 
invention relates to a kit for amplifying a nucleic acid 
used for the method for amplifying a nucleic acid of the 
twenty-seventh to thirtieth invention of the present 
20 invention, which contains: 

(a) an endonuclease; and 

(b) a DNA polymerase having a strand displacement 

activity. 

[0089] An endoribonuclease such as an RNase H can be 
25 used as the endonuclease for the kit of the thirty-eighth 
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invention . 

[0090] The kit of the thirty-seventh or thirty-eighth 
invention which contains an RNase H is exemplified by a kit 
containing an RNase H selected from the group consisting of 
5 an RNase H from Escherichia coll, an RNase H from a 
bacterium of genus Thermotoga, an RNase H from a bacterium 
of genus Thermus, an RNase H from a bacterium of genus 
Pyrococcus, an RNase H from a bacterium of genus 
Archaeoglobus and an RNase H from a bacterium of genus 
10 Bacillus . 

[0091] The kit of the thirty-seventh or thirty-eighth 
invention may further contain a buffering component 
suitable for a nucleic acid amplification reaction. For 
example, the composition can contain a buffering component 

15 selected from the group consisting of Bicine and HEPES . 
The kit may contain an annealing solution containing a 
substance that enhances the annealing of the nucleic acid 
as the template to the primer that is substantially 
complementary to the nucleotide sequence of the nucleic 

20 acid. For example, the annealing solution may contain 
spermidine and/or propyl enediamine . 

[0092] The DNA polymerase having a strand displacement 

activity contained in the kit of the thirty-seventh or 
thirty-eighth invention of the present invention is 
25 exemplified by a DNA polymerase selected from the group 
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consisting of Klenow fragment of DNA polymerase I from 
Escherichia coli, Bst DNA polymerase lacking 5 T -^3 T 
exonuclease from Bacillus stearothermophilus and Bca DNA 
polymerase lacking 5'-^3 f exonuclease from Bacillus 
caldotenax . 

[0093] In one aspect, the kit of the thirty-seventh or 
thirty-eighth invention contains Bca DNA polymerase lacking 
5 l -^3' exonuclease from Bacillus caldotenax and an RNase H 
from Escherichia coli, a bacterium of genus Pyrococcus or a 
bacterium of genus Archaeoglobus . The RNase H is 

exemplified by type I RNase H from Escherichia coli, or 
type II RNase H from a bacterium of genus Pyrococcus or a 
bacterium of genus Archaeoglobus. 

[0094] The kit of the thirty-seventh or thirty-eighth 
invention of the present invention may contain a DNA 
polymerase having an endonuclease activity. Bca DNA 
polymerase lacking 5 T ^3 T exonuclease from Bacillus 
caldotenax can be used as such a DNA polymerase. The kit 
can contain a substance that allows the endonuclease 
activity of the DNA polymerase to express. The substance 
that allows the endonuclease activity of the Bca DNA 
polymerase to express is exemplified by a manganese ion. 
[0095] The kit of the thirty-seventh or thirty-eighth 
invention can contain a substance that inhibits the reverse 
transcription activity of the DNA polymerase. The 
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substance that inhibits the reverse transcription activity 
of the DNA polymerase is exemplified by phosphonof ormic 
acid. Furthermore, the kit may contain a deoxynucleotide 
triphosphate analog such as deoxyuridine triphosphate or a 
5 derivative thereof. 

[0096] The thirty-ninth invention of the present 
invention relates to a kit for amplifying a nucleic acid 
used for the method for amplifying a nucleic acid of the 
twenty-fourth to twenty-sixth invention of the present 

10 invention, which is in a packaged form and contains 
instructions that direct the use of a DNA polymerase having 
a strand displacement activity and an RNase H. 
[0097] The fortieth invention of the present invention 

relates to a kit for amplifying a nucleic acid used for the 

15 method for amplifying a nucleic acid of the twenty-seventh 
to thirtieth invention of the present invention, which is 
in a packaged form and contains instructions that direct 
the use of a DNA polymerase having a strand displacement 
activity and an endonuclease . 

20 [0098] The forty-first invention of the present 

invention relates to a product of a reagent for amplifying 
a nucleic acid consisting of a packing material and a 
reagent for amplifying a nucleic acid enclosed in the 
packing material, wherein the reagent for amplifying a 

25 nucleic acid contains a DNA polymerase having a strand 



displacement activity and/or an RNase H, and description 
that the reagent for amplifying a nucleic acid can be used 
for nucleic acid amplification under isothermal conditions 
is indicated in a label stuck to the packaging material or 
instructions attached to the packaging material. 
[0099] The forty-second invention of the present 
invention relates to a product of a reagent for amplifying 
a nucleic acid consisting of a packing material and a 
reagent for amplifying a nucleic acid enclosed in the 
packing material, wherein the reagent for amplifying a 
nucleic acid contains a DNA polymerase having a strand 
displacement activity and/or an endonuclease, and 
description that the reagent for amplifying a nucleic acid 
can be used for nucleic acid amplification under isothermal 
conditions is indicated in a label stuck to the packaging 
material or instructions attached to the packaging material, 
[0100] The forty-third invention of the present 
invention relates to a method for detecting a target 
nucleic acid in a sample, characterized in that the method 
comprises : 

(a) amplifying a nucleic acid by the method for 
amplifying a nucleic acid of the twenty- fourth to thirtieth 
invention of the present invention; and 

(b) detecting a target nucleic acid amplified in 

step (a) . 
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[0101] The detection method of the forty- third invention 
of the present invention can comprise detecting the 
amplified nucleic acid using a probe for detection. The 
probe may be a probe that has been labeled with a labeling 
5 substance. For example, an RNA probe labeled with two or 
more fluorescent substances positioned at a distance that 
results in a quenching state can be used. 

[0102] The forty-fourth invention of the present 
invention relates to a chimeric oligonucleotide primer used 

10 for the forty-third invention. The chimeric oligonucleotide 
primer is exemplified by a chimeric oligonucleotide primer 
represented by general formula below: 

General formula: 5 1 -dNa-Nb-dNc-3 1 
(a : an integer of 11 or more; b : an integer of 1 or more; 

15 c: 0 or an integer of 1 or more; dN: deoxyribonucleotide 
and/or nucleotide analog; N: unmodified ribonucleotide 
and/or modified ribonucleotide, wherein some of dNs in dNa 
may be replaced by Ns, and the nucleotide at the 3 ! - 
terminus may be modified such that extension from the 3 T - 

2 0 terminus by the action of the DNA polymerase does not take 
place) . 

[0103] Such chimeric oligonucleotide primers are 
exemplified by a primer in which c is 0 and a primer in 
which the nucleotide analog is deoxyriboinosine nucleotide 
25 or deoxyribouracil nucleotide, and the modified 
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ribonucleotide is (oc-S) ribonucleotide* 

[0104 ] The primer of the forty- fourth invention of the 
present invention is exemplified by a primer for detecting 
a pathogenic microorganism or a disease-related gene. A 
5 chimeric oligonucleotide primer for detecting a pathogenic 
microorganism such as enterohemorrhagic Escherichia coli, 
Clostridium botulinum, Staphylococcus aureus, Mycobacterium 
tuberculosis, Chlamydia trachomatis, papilloma virus, 
hepatitis C virus or a viroid is encompassed by the present 

10 invention. 

[0105] The forty-fifth invention of the present 
invention relates to a chimeric oligonucleotide primer for 
detecting enterohemorrhagic Escherichia coli having a 
nucleotide sequence selected from the group consisting of 

15 SEQ ID NOS: 31 to 34, 47, 48, 51-53, 64-72, 84, 85, 113, 
114, 130 and 131. 

[0106] The forty-sixth invention of the present 
invention relates to a chimeric oligonucleotide primer for 
detecting a viroid having a nucleotide sequence selected 
20 from the group consisting of SEQ ID NOS: 59, 60, 119, 120, 
122 and 123. 

[0107] The forty-seventh invention of the present 

invention relates to a chimeric oligonucleotide primer for 
detecting Clostridium botulinum having a nucleotide 
25 sequence represented by SEQ ID NO: 116 or 117. 
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[0108] The forty-eighth invention of the present 

invention relates to chimeric oligonucleotide primer for 
detecting papilloma virus having a nucleotide sequence 
represented by SEQ ID NO: 96 or 97. 
5 [0109] The forty-ninth invention of the present 
invention relates to a chimeric oligonucleotide primer for 
detecting hepatitis C virus having a nucleotide sequence 
selected from the group consisting of SEQ ID NOS : 101, 102, 
138, 139,200,201,205 and 206. 
10 [0110] The fiftieth invention of the present invention 
relates to a chimeric oligonucleotide primer for detecting 
Staphylococcus aureus having a nucleotide sequence 
represented by SEQ ID NO: 136 or 137. 

[0111] The fifty-first invention of the present 
15 invention relates to a chimeric oligonucleotide primer for 
detecting Mycobacterium tuberculosis having a nucleotide 
sequence selected from the group consisting of SEQ ID NOS: 
155, 156, 159 to 162, 194 and 195. 

[0112] The fifty-second invention of the present 
20 invention relates to a chimeric oligonucleotide primer for 
detecting Chlamydia trachomatis having a nucleotide 
sequence selected from the group consisting of SEQ ID NOS: 
157, 158, 203 and 204. 

[0113] The fifty-third invention of the present 
25 invention relates to a kit for amplifying a nucleic acid 
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used for the method for amplifying a nucleic acid of the 
twenty- fourth to twenty-eighth invention of the present 
invention, which contains the chimeric oligonucleotide 
primer of the forty-fourth to fifty-second invention. 
5 [0114] The fifty-fourth invention of the present 
invention relates to a kit for detecting a target nucleic 
acid used for the method for detecting a target nucleic 
acid of the forty-third invention of the present invention, 
which contains the chimeric oligonucleotide primer of the 
10 forty-fourth to fifty-second invention. 

[0115] The fifty-fifth invention of the present 

invention relates to a probe used in the method of the 
forty-third invention. 

[0116] The fifty-sixth invention of the present 
15 invention relates to a probe which hybridizes to the 
nucleic acid amplified by the method of the twenty-third to 
thirtieth invention . 

[0117] The fifty-seventh invention of the present 
invention relates to a probe which hybridizes to a region 
20 amplified using the chimeric oligonucleotide primer of the 
forty-fourth to fifty-second invention. 

[0118] The probe of the fifty-fifth to fifty-seventh 
invention may be a probe which has been labeled with a 
labeling substance, for example, an RNA probe labeled with 
25 two or more fluorescent substances positioned at a distance 
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that results in a quenching state 

[0119] The fifty-eighth invention of the present 

invention relates to a kit used for the detection of the 
target nucleic acid in the method of the forty-third 
5 invention, which contains the probe of the fifty-fifth to 
f i f ty- seventh invention . 

[0120] The fifty-ninth invention of the present 
invention relates to a method for amplifying a nucleic acid, 
which comprises using a DNA polymerase having a strand 
10 displacement activity to effect a template switching 
reaction. 

[0121 ] The DNA polymerase having a strand displacement 
activity used in the fifty-ninth invention is exemplified 
by Klenow fragment of DNA polymerase I from Escherichia 
15 coli, Bst DNA polymerase lacking 5'->3 T exonuclease from 
Bacillus stearothermophilus and Bca DNA polymerase lacking 
5 T -»3 T exonuclease from Bacillus caldotenax. 

[0122] The sixtieth invention of the present invention 

relates to a method for producing a material having an 
20 immobilized nucleic acid in which the nucleic acid is 

arrayed in a predefined region, characterized in that the 

method comprises: 

(a) amplifying a nucleic acid to be immobilized 

by the method for amplifying a nucleic acid of the twenty- 
25 fourth to thirtieth invention of the present invention; and 
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(b) arraying and immobilizing the nucleic acid 
amplified in step (a) in a predefined region, 
[0123] The sixty-first invention of the present 
invention relates to a material having an immobilized 
5 nucleic acid in which the nucleic acid is arrayed in a 
predefined region produced by the method of the sixtieth 
invention. 

[0124] The sixty-second invention of the present 
invention relates to a method for producing a nucleic acid 
10 in large quantities, characterized in that the method 
comprises : 

(a) amplifying a nucleic acid by the method for 
amplifying a nucleic acid of the twenty-fourth to thirtieth 
invention of the present invention; and 

15 (b) collecting the nucleic acid amplified in step 

(a) . 

[0125] The sixty-third invention of the present 
invention relates to a method for amplifying a nucleic acid, 
characterized in that the method comprises: 
20 (a) duplicating a DNA or an RNA containing a 

sequence to be amplified to prepare a nucleic acid as a 
template ; and 

(b) amplifying the nucleic acid as the template 
obtained in step (a) by the method for amplifying a nucleic 

25 acid of the twenty- fourth to thirtieth invention. 
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[0126] The sixty- fourth invention of the present 
invention relates to a method for determining a nucleotide 
sequence of a nucleic acid, characterized in that the 
method comprises amplifying a nucleic acid according to the 
5 method of the twenty-fourth to thirtieth, sixty-second or 
sixty-third invention. 

[0127] The sixty-fifth invention of the present 
invention relates to a method for preparing a single- 
stranded nucleic acid, the method comprising a step of 
10 generating a single-stranded nucleic acid using the method 
according to the twenty-fourth to thirtieth invention. In 
the sixty-fifth invention, at least two primers at 
different concentrations may be used. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
15 [0128] Figure 1 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 
[0129] Figure 2 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 
20 according to the method of the present invention. 

[0130] Figure 3 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 
[0131] Figure 4 is a photograph of agarose gel 
25 electrophoresis of amplified DNA fragments amplified 
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according to the method of the present invention. 
[0132] Figure 5 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 
5 [0133] Figure 6 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 
[0134] Figure 7 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 

10 according to the method of the present invention. 

[0135] Figure 8 is a photograph of agarose gel 

electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 
[0136] Figure 9 is a photograph of agarose gel 

15 electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 
[0137] Figure 10 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 

20 [0138] Figure 11 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 
[0139] Figure 12 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 

25 according to the method of the present invention. 




66 

[0140] Figure 13 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 
[0141 ] Figure 14 is a photograph of agarose gel 
5 electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 
[0142] Figure 15 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 

10 [0143] Figure 16 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 
[0144] Figure 17 is a photograph of agarose gel 

electrophoresis of amplified DNA fragments amplified 

15 according to the method of the present invention. 

[0145] Figure 18 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 
[0146] Figure 19 is a photograph of agarose gel 

20 electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 
[0147] Figure 20 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 

25 [0148] Figure 21 is a photograph of agarose gel 
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electrophoresis of amplified DNA fragments amplified 

according to the method of the present invention. 

[0149] Figure 22 is a photograph of agarose gel 

electrophoresis of amplified DNA fragments amplified 

according to the method of the present invention. 

[0150] Figure 23 is a photograph of agarose gel 

electrophoresis of amplified DNA fragments amplified 

according to the method of the present invention. 

[0151] Figure 24 is a photograph of agarose gel 

electrophoresis of amplified DNA fragments amplified 

according to the method of the present invention. 

[0152] Figure 25 is a photograph of agarose gel 

electrophoresis of amplified DNA fragments amplified 

according to the method of the present invention. 

[0153] Figure 26 is a photograph of agarose gel 

electrophoresis of amplified DNA fragments amplified 

according to the method of the present invention. 

[0154] Figure 27 is a photograph of agarose gel 

electrophoresis of amplified DNA fragments amplified 

according to the method of the present invention. 

[0155] Figure 28 is a photograph of agarose gel 

electrophoresis of amplified DNA fragments amplified 

according to the method of the present invention and the 

results of dot blot hybridization. 

[0156] Figure 29 is a photograph of agarose gel 
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electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 
[0157] Figure 30 is a graph which compares the amounts 
of amplification products amplified according to the method 
of the present invention and the PCR. 

[0158] Figure 31 is a photograph of agarose gel 

electrophoresis of amplified DNA fragments amplified 

according to the method of the present invention. 

[0159] Figure 32 is a photograph of polyacrylamide gel 

electrophoresis of amplified DNA fragments amplified 

according to the method of the present invention. 

[0160] Figure 33 is a figure illustrating one aspect of 

the method for amplifying a nucleic acid of the present 

invention . 

[0161] Figure 34 is a figure illustrating one aspect of 
the method for amplifying a nucleic acid of the present 
invention . 

[0162] Figure 35 is a figure illustrating one aspect of 
the method for amplifying a nucleic acid of the present 
invention . 

[0163] Figure 36 is a figure illustrating one aspect of 
the method for amplifying a nucleic acid of the present 
invention. 

[0164] Figure 37 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 
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according to the method of the present invention. 
[0165] Figure 38 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 
5 [0166] Figure 3 9 is a photograph of agarose gel 
electrophoresis of amplified DNA fragments amplified 
according to the method of the present invention. 
[0167] Figure 40 is a flow chart that illustrates an 
example of the method of the present invention in which a 
10 single-stranded DNA is used. In the figure, the released 
DNA strand marked with the closed circle serves as a 
template DNA in (6) . 

[0168] Figure 41 shows the results of agarose gel 

electrophoresis of DNA fragments amplified by the method of 
15 the present invention using varying reaction time. 
DETAILED DESCRIPTION OF THE INVENTION 

[0169] As used herein, a deoxyribonucleotide (also 
referred to as a dN) refers to a nucleotide of which the 
sugar portion is composed of D-2-deoxyribose . The 

20 deoxyribonucleotides include, for example, ones having 
adenine, cytosine, guanine or thymine as the base portion. 
Furthermore, the doxyribonucleotides also include a 
deoxyribonucleotide having a modified base such as 7- 
deazaguanosine and a deoxyribonucleotide analog such as 

25 deoxyinosine nucleotide. 



[0170] As used herein, a ribonucleotide (also referred 
to as an N) refers to a nucleotide of which the sugar 
portion is composed of D-ribose. The ribonucleotides 
include ones having adenine, cytosine, guanine or uracil as 
5 the base portion. The ribonucleotides also include modified 
ribonucleotides such as a modified ribonucleotide in which 
the oxygen atom of the phosphate group at the a-position is 
replaced by a sulfur atom (also referred to as an (oc-S) 
ribonucleotide or an (a-S) N) or other derivatives. 
10 [0171] As used herein, a chimeric oligonucleotide primer 

re f ers to a primer that contains a deoxyribonucleotide and 
a ribonucleotide. The primer may contain a nucleotide 
analog and/or a modified ribonucleotide. 

[0172] The chimeric oligonucleotide primers used in the 
15 present invention include any chimeric oligonucleotide 
primer that has a ribonucleotide being positioned at the 
3 T -terminus or on the 3 '-terminal side of the primer, can 
be used to extend a nucleic acid strand in the method of 
the present invention, can be cleaved with an endonuclease, 
20 and can be used to effect a strand displacement reaction. 

[0173] As used herein, 3 '-terminal side refers to a 
portion from the center to the 3' -terminus of a nucleic 
acid such as a primer. Likewise, 5 '-terminal side refers 
to a portion from the center to the 5' -terminus of a 
25 nucleic acid. 
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[0174] As used herein, an endonuclease may be any one 
that acts on a double-stranded DNA generated by extending a 
DNA from the chimeric oligonucleotide primer which have 
been annealed to a nucleic acid as a template, and 
5 specifically cleaves it at a portion of the primer that 
contains a ribonucleotide. 

[0175] As used herein, a DNA polymerase refers to an 
enzyme that synthesizes a DNA strand de novo using a DNA 
strand as a template. The DNA polymerases include 

10 naturally occurring DNA polymerases and variant enzymes 
having the above-mentioned activity. For example, such 
enzymes include a DNA polymerase having a strand 
displacement activity, a DNA polymerase lacking a 5 f ^3 T 
exonuclease activity and a DNA polymerase having a reverse 

15 transcriptase activity or an endonuclease activity. 

[0176] As used herein, "a strand displacement activity" 
refers to an activity that can effect a strand displacement, 
that is, that can proceed DNA duplication on the basis of 
the sequence of the nucleic acid as the template while 

20 displacing the DNA strand to release the complementary 
strand that has been annealed to the template strand. In 
addition, a DNA strand released from a nucleic acid as a 
template as a result of a strand displacement is referred 
to as "a displaced strand" herein. 

25 [0177] Hereinafter, the present invention will be 



described in detail. 

(1) Chimeric oligonucleotide primer used in the 
present invention . 

The primer used in the method of the present 
invention is a chimeric oligonucleotide primer that 
contains a ribonucleotide as well as at least one selected 
from the group consisitng of a deoxyribonucleotide and a 
nucleotide analog. Such primers also include an 

oligoribonucleotide primer that contains an unmodified 
ribonucleotide and/or a modified ribonucleotide. 
[0178] A chimeric oligonucleotide primer used in the 
method of the present invention is a chimeric 
oligonucleotide primer that has a nucleotide sequence 
substantially complementary to a part of the nucleotide 
sequence of a nucleic acid as a template. It can 
contribute to extension of a DNA strand under conditions 
used. Furthermore, a ribonucleotide is positioned at the 
3 '-terminus or on the 3 T -terminal side of the chimeric 
oligonucleotide primer. The primer is usually designed 
such that it is complementary to a portion upstream of the 
region to be amplified, that is, a portion 3 1 to the 
nucleotide sequence corresponding to a region to be 
amplified in a nucleic acid as a template. As used herein, 
"a substantially complementary nucleotide sequence" means a 
nucleotide sequence that can anneal to a DNA as a template 
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under reaction conditions used. 

[0179] The chimeric oligonucleotide primer used in the 
method of the present invention may contain one or more 
modified ribonucleotide. As used herein, a ribonucleotide 
5 may be an unmodified ribonucleotide and/or a modified 
ribonucleotide that can be positioned at the 3 ' terminus or 
on the 3 '-terminal side of a chimeric oligonucleotide 
primer and that is recognized by or cleaved with an 
endonuclease . The ribonucleotides include both of the 

10 unmodified ribonucleotide and the modified ribonucleotide 
as described above. An unmodified ribonucleotide, a 
modified ribonucleotide or a combination thereof can be 
used for the chimeric oligonucleotide primer of the present 
invention as long as it does not abolish the function of 

15 the primer. Examples of the modified ribonucleotides 
include, but are not limited to, an (oc-S) ribonucleotide in 
which the oxygen atom bound to the phosphate group is 
replaced by a sulfur atom, and a ribonucleotide in which 
the hydroxy group at the 2-position of the ribose is 

2 0 replaced by a methoxy group. Such a chimeric 

oligonucleotide primer containing a modified ribonucleotide 
can be produced by using, for example, an (a-S) 
ribonucleotide triphosphate, which is prepared by a method 
using a sulfuration reaction reagent (Glen Research) as 

25 described in United States Patent No. 5,003,097, or a 2- 
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OMe-RNA-CE phosphoramidite reagent (Glen Research) . 
[0180] A chimeric oligonucleotide primer that can be 
used in the amplification method of the present invention 
may be designed to contain a modified ribonucleotide that 
5 confers resistance to the cleavage with an endonuclease . 
Such a primer is useful in that one can control the 
cleavage site with an endonuclease during amplification 
reaction steps . 

[0181] One or two chimeric oligonucleotide primer may be 

10 used in the method of the present invention depending on 
the desired form of a DNA fragment after amplification 
(single-stranded or double-stranded) . Specifically, one 
chimeric oligonucleotide primer is used when a single- 
stranded DNA is desired, whereas two primers are used when 

15 a double-stranded DNA is desired. 

[0182] The length of the chimeric oligonucleotide primer 
used in the method of the present invention is not 
specifically limited, but is preferably about 12 
nucleotides to about 100 nucleotides, more preferably about 

20 15 nucleotides to about 40 nucleotides. It is preferable 
that the nucleotide sequence of the chimeric 
oligonucleotide is substantially complementary to a nucleic 
acid as a template such that it anneals to the nucleic acid 
as the template under reaction conditions used. The primer 

25 contains a sequence recognized by an endonuclease, which is 
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utilized in a step as described below, at the 3 T -terminus 
or on the 3 '-terminal side. 

[0183] For example, an oligonucleotide having a 
structure represented by the following general formula can 
5 be used in the DNA synthesis method of the present 
invention as a primer, although it is not intended to limit 
the present invention: 

General formula: 5 1 -dNa-Nb-dNc-3 ' 
(a: an integer of 11 or more; b: an integer of 1 or more; 

10 c: 0 or an integer of 1 or more; dN: deoxyribonucleotide 
and/or nucleotide analog; N: unmodified ribonucleotide 
and/or modified ribonucleotide, wherein some of dNs in dNa 
may be replaced by Ns, and the nucleotide at the 3 T - 
terminus may be modified such that extension from the 3 T - 

15 terminus by the action of the DNA polymerase does not take 
place) . 

[0184] For example, a chimeric oligonucleotide primer 
represented by the general formula in which a = an integer 
of 11 or more; and b = 1 and c =0, b = 2 and c = 0, b = 3-5 

20 and c = 0, or b = 2 and c = 0-5 can be preferably used in 
the present invention. The length of the ribonucleotides 
at the 3' -terminus or on the 3 f -termunal side of the 
chimeric oligonucleotide primer used in the method of the 
present invention is preferably 1-mer to 15-mer, more 

25 preferably 1-mer to 10-mer, most preferably 1-mer to 5-mer. 
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The number of c in the general formula is not specifically 
limited, but any number that can be used in the method of 
the present invention may be selected. Usually, 5 or less 
is preferably. Better results are obtained in a reaction 
5 by selecting 3 rather than 4, 2 rather than 3, and 1 rather 
than 2 for c. In particular, the most efficient reaction 
can be accomplished in case of c = 0. 

[0185] The chimeric oligonucleotide primer used in the 
present invention has a structure in which an endonuclease 

10 recognizes or cleaves a DNA strand extended from the primer 
using a DNA polymerase (a primer-extended strand) at a site 
that contains a ribonucleotide, which ribonucleotide being 
positioned at the 3 '-terminus or on the 3 '-terminal side of 
the chimeric oligonucleotide primer. Although it is not 

15 intended to limit the present invention, for example, when 
an RNase H acts on a double-stranded DNA generated by 
extending a DNA from a chimeric oligonucleotide primer 
represented by the general formula that has been annealed 
to a nucleic acid as a template, the chimeric 

20 oligonucleotide primer is cleaved at the ribonucleotide 
portion. A double-stranded DNA in which a nick is 



introduced between the oligonucleotide primer and the DNA 
strand synthesized by the extension is then generated. 
Then, a strand displacement reaction with a DNA polymerase 



25 



proceeds from the nicked site. 



Thus, any chimeric 
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oligonucleotide primer that can be used to extend a nucleic 
acid strand from the 3 '-terminus of the primer, that can be 
cleaved with an endonuclease, and with which a DNA 
polymerase can effect a strand displacement reaction can be 
used in the method of the present invention. Furthermore, 
the chimeric oligonucleotide primers of the present 
invention include one whose 3 ' -terminus is modified such 
that extension by the action of the DNA polymerase can not 
take place, and DNA extension takes place from a 3 f - 
terminus generated upon cleavage by the endonuclease. In 
addition, a promoter sequence for an RNA polymerase may be 
included on the 5 T -terminal side of the chimeric 
oligonucleotide primer. Such RNA polymerases are 

exemplified by T7 RNA polymerase and SP6 RNA polymerase. 
[0186] Furthermore, the chimeric oligonucleotide primer 
used in the method of the present invention may contain a 
nucleotide analog or other substances. That is, one or 
more nucleotide analog (s) can be contained in the chimeric 
oligonucleotide primer of the present invention as long as 
the function of the primer is not abolished. Plural types 
of the nucleotide analogs can be used in combination. 
Examples of the nucleotide analogs include, but are not 
limited to, nucleotide analogs having ribose derivatives 
such as deoxyinosine nucleotide, deoxyuracil nucleotide and 
a deoxyribonucleotide analog having a modified base such as 
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7-deazaguanine . Furthermore, the chimeric oligonucleotides 
used in the present invention may contain deoxynucleotides, 
ribonucleotides or nucleotide analogs having various 
modifications such as addition of labeled compounds as long 
5 as they retain the functions as described above, 

[0187] Incorporation of a nucleotide analog into a 
primer is effective for suppressing the formation of high- 
order structure of the primer itself and stabilization of 
annealing formation with the template. A ribonucleotide 

10 may be incorporated into a primer for the same purpose. 
Although it is not intended to limit the present invention, 
a modified ribonucleotide such as (a-S) ribonucleotide can 
be preferably used in order to prevent the digestion of the 
primer by a non-specific endonuclease (RNase) . 

15 [0188] The chimeric oligonucleotide primer can be 
synthesized to have desired nucleotide sequence using, for 
example, the 394 type DNA synthesizer from Applied 
Biosystems Inc. (ABI) according to a phosphoramidite method. 
Alternatively, any methods including a phosphate triester 

2 0 method, an H-phosphonate method and a thiophosphonate 
method may be used to synthesize the chimeric 
oligonucleotide primer. 

[0189] (2) Endonuclease used in the present invention. 

Any endonuclease that can act on a double- 
25 stranded DNA generated by DNA extension from the chimeric 
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oligonucleotide primer as described above in (1) that has 
been annealed to a nucleic acid as a template and cleaves 
the extended strand to effect a strand displacement 
reaction may be used in the present invention. That is, 
5 the endonuclease is an enzyme that can generate a nick in 
the chimeric oligonucleotide primer portion of the double- 
stranded DNA. Examples of endonucleases that can be used 
in the present invention include, but are not limited to, 
ribonucleases * Among these, endoribonuclease H (RNase H) 

10 that acts on an RNA portion of a double-stranded nucleic 
acid composed of a DNA and an RNA can be preferably used. 
Any ribonuclease that has the above-mentioned activities 
can be preferably used in the present invention, including 
mesophilic and heat-resistant ones. For example, an RNase 

15 H from E. coli can be used for a reaction at about 50 °C to 
about 70 °C in the method of the present invention as 
described below in Examples. A heat-resistant ribonuclease 
can be preferably used in the method of the present 
invention. Examples of the heat-resistant ribonucleases 

20 which can be preferably used include, but are not limited 
to, a commercially available ribonuclease, Hybridase™ 
Thermostable RNase H (Epicenter Technologies) as well as an 
RNase from a thermophilic bacterium of genus Bacillus, a 
bacterium of genus Thermus, a bacterium of genus Pyrococcus, 

25 a bacterium of genus Thermotoga, a bacterium of genus 
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Archaeoglobus or the like. Furthermore, both of naturally 
occurring ribonucleases and variants can be preferably used* 
The enzymatic unit of RNase H indicated herein is a value 
expressed according to a method of measuring an enzymatic 
5 unit as described in Referential Examples. 

[0190] The RNase H is not limited to a specific one as 
long as it can be used in the method of the present 
invention. For example, the RNase H may be derived from 
any organisms including various viruses, phages, 

10 prokaryotes and eukaryotes. It may be either a bacterial 
RNase H or a viral RNase H. The bacterial RNase H is 
exemplified by Escherichia coli RNase H I and the viral 
RNase H is exemplified by HIV-1 . Type I, type II or type 
III RNase H can be used in the method of the present 

15 invention* For example, type I RNase H from Escherichia 
coli, or type II RNase H from a bacterium of genus 
Pyrococcus or a bacterium of genus Archaeoglobus is 
preferable, without limitation. 

[0191] The efficiency of the cleavage reaction with an 

2 0 endonuclease such as RNase H used in the method of the 
present invention may vary depending on the nucleotide 
sequence around the 3 1 -terminus of the primer and influence 
the amplification efficiency of the desired DNA. Therefore, 
it is natural to design the optimal primer for the RNase H 
25 used. 
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[0192] As used herein, the term "introducing a nick" or 
"nicking" means internally cleaving one of the two strands 
of a double-stranded nucleic acid* For example, an RNase H 
acts on a hybrid double-stranded nucleic acid composed of a 
5 DNA and a ribonucleotide-containing DNA to selectively 
cleave the ribonucleotide-containing strand among the two 
strands at the ribonucleotide portion, thereby introducing 
a nick into the hybrid double-stranded nucleic acid. 
[0193] (3) DNA polymerase used in the present invention. 

10 A DNA polymerase having a strand displacement 

activity on a DNA can be used in the present invention. 
Particularly, a DNA polymerase substantially lacking a 
5 T ^3 T exonuclease activity can be preferably used* 
[0194] As used herein, "a strand displacement activity" 

15 refers to an activity that can effect a strand displacement, 
that is, that can proceed DNA duplication on the basis of a 
sequence of a nucleic acid as a template while displacing a 
DNA strand to release a complementary strand that has been 
annealed to the template strand. Additionally, a DNA 

20 strand released from a nucleic acid as a template as a 
result of a strand displacement is referred to as "a 
displaced strand" herein. 

[0195] Any DNA polymerases having the strand 
displacement activity can be used in the present invention. 
25 Examples thereof include variants of DNA polymerases 




82 

lacking their 5 f -»3 f exonuclease activities derived from 
thermophilic bacteria of genus Bacillus such as Bacillus 
caldotenax (hereinafter referred to as B. ca) and Bacillus 
stearothermophilus (hereinafter referred to as B. st) , as 
5 well as large fragment (Klenow fragment) of DNA polymerase 
I from Escherichia coli (E. coli) . Both of mesophilic and 
heat-resistant DNA polymerases can be preferably used in 
the present invention. 

[0196] B. ca is a thermophilic bacterium having an 

10 optimal growth temperature of about 70°C. Bca DNA 
polymerase from this bacterium is known to have a DNA- 
dependent DNA polymerase activity, an RNA-dependent DNA 
polymerase activity (a reverse transcription activity) , a 
5'->3 f exonuclease activity and a 3 ? ^5' exonuclease activity 

15 The enzyme may be either an enzyme purified from its 
original source or a recombinant protein produced by using 
genetic engineering techniques . The enzyme may be 

subjected to modification such as substitution, deletion, 
addition or insertion by using genetic engineering 

20 techniques or other means. Examples of such enzymes 
include BcaBEST DNA polymerase (Takara Shuzo) , which is Bca 
DNA polymerase lacking its 5'->3* exonuclease activity. 
[0197] It is known that some DNA polymerases have an 

endonuclease activity such as an RNase H activity under 

25 specific conditions. Such a DNA polymerase can be used in 
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the method of the present invention* In one aspect, the 
DNA polymerase may be used under conditions that allow the 
RNase H activity to express, e.g., in the presence of Mn 2+ . 
In this case, the method of the present invention can be 
5 conducted without the addition of an RNase H. The present 
inventors have demonstrated that the Bca DNA polymerase 
exhibits an RNase activity in a buffer containing Mn 2+ for 
the first time, and that the method for amplifying a 
nucleic acid of the present invention can be carried out in 

10 a reaction mixture containing no enzyme other than the Bca 
DNA polymerase. The above-mentioned aspect is not limited 
to the use of the Bca DNA polymerase. DNA polymerases that 
are known to have an RNase H activity such as Tth DNA 
polymerase from Thermus thermophilus can be used in the 

15 present invention. 

[0198] (4) Composition of reaction buffer used in the 

present invention . 

A reaction buffer that contains a buffering 
component, a magnesium salt or another metal salt and dNTPs 

20 is used in the present invention. Naturally, the type and 
the concentration of the salt are optimized depending on 
the metal requirement or the like of the enzyme to be used. 
Examples of the buffering components that can be preferably 
used include, but are not limited to, Bicine, Tricine, 

2 5 HE PES , tris and a phosphate (such as sodium phosphate and 



potassium phosphate) . Among these, a buffer that contains 
Bicine, Tricine, HE PES or a phosphate as a buffering 
component is preferable for the present invention. 
Although it is not intended to limit the present invention, 
5 for example, when the reaction temperature is high, a 
Bicine buffer of which the change in pH due to the change 
in temperature is little is preferably used. A HE PES 
buffer may be preferable depending on the type of RNase H 
used. Thus, the optimal buffer may be selected depending 

10 on the reaction temperature, the endonuclease or the DNA 
polymerase to be used and the like. The final 

concentration of the buffering component ranges 5-100 mM, 
preferably 20-50 mM. The pH ranges 6.0-9.5, preferably 
7.0-9.2. For example, a buffer containing 22-46 mM Tricine 

15 at pH 7.5-9.2 or a buffer containing 25-50 mM potassium 
phosphate at pH 7.0-8.0 is preferably used. Examples of 
magnesium salts that can be preferably used include, but 
are not limited to, magnesium chloride, magnesium acetate 
or magnesium sulfate. The final concentration of the 

20 magnesium salt ranges 1-20 mM, preferably 2-10 mM. The 
final concentrations of dNTPs (a mixture of dATP, dCTP, 
dGTP and dTTP) in a mixture as substrates for a DNA 
extension reaction range 0.1-3.0 mM, preferably 0.2-1.2 mM. 
The amount of the primers used in a reaction volume of 50 

25 yl ranges 1-1000 pmol, preferably 10-150 pmol. 



Additionally, the reaction mixture may contain an additive, 
for example, in order to stabilize the amplification 
reaction. Bovine serum albumin (BSA) at a final 

concentration of 0.1% or less, dimethyl sulfoxide (DMSO) at 
5 a final concentration of 10% or less, putrescine 
dihydrochloride at a final concentration of 4 mM or less, 
or propylenediamine at a final concentration of 0.01% or 
less may be added. Additionally, NMP (l-methyl-2- 

pyrrolidinone) , glycerol, polyethylene glycol, dimethyl 
10 sulfoxide and/or formamide may be contained. It is 
expected that the addition of such an organic solvent 
reduces the non-specific annealing of oligonucleotide 
primers . 

[0199] The method of the present invention may be 
15 carried out by adding a substance that inhibits the reverse 
transcription activity of the DNA polymerase such as 
phosphonoformic acid (PFA) . If a substance that inhibits 
the reverse transcription activity is added, the 
amplification of non-specific products other than the 
20 target nucleic acid is reduced. 

[0200] In another aspect, annealing of the nucleic acid 
as the template to the chimeric oligonucleotide primer used 
in the present invention before the amplification reaction 
is effective to reduce non-specific annealing of an 
25 oligonucleotide primer in the detection, amplification or 
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production method of the present invention. It is 

preferable to conduct the annealing using an annealing 
solution that contains a substance that enhances the 
annealing such as a polyamine (e.g., spermine or 
5 spermidine) or propylenediamine . Preferably, the annealing 
solution containing the polyamine also contains a salt. 
For example, without limitation, the annealing solution may 
contain sodium chloride, potassium chloride, potassium 
acetate, sodium acetate or the like and a polyamine. 

10 [0201] The annealing is usually conducted by incubating 
the annealing solution containing the primer and the 
nucleic acid as the template at a temperature at which a 
double-stranded nucleic acid is denatured (e.g., 90 °C or 
above) and then cooling the solution to a reaction 

15 temperature used for the method of the present invention or 
below. 

[0202] After annealing, the nucleic acid amplification 
reaction of the present invention is initiated by further 
adding other necessary components such as a DNA polymerase, 

2 0 an RNase H and dNTPs to the mixture. 

[0203] The amount of an RNase H from Escherichia coli as 
an example of endonucleases in a reaction volume of 50 \il 
ranges preferably 3-200 U, more preferably 15-60 U. 
Similarly, the amount of an RNase H from a bacterium of 

2 5 genus Pyrococcus or a bacterium of genus Archaeoglobus as 
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an example of endonuclease in a reaction volume of 50 ial 
ranges preferably 3-200 U, more preferably 4-40 U. The 
amount of BcaBEST DNA polymerase (Takara Shuzo) as an 
example of DNA polymerases in a reaction volume of 50 ]il 
5 ranges preferably 0.5-100 U, more preferably 1-22 U. 

[0204] When an endonuclease and a DNA polymerase is used 
in combination in the method of the present invention, for 
example, without limitation, a combination of an RNase H 
from Escherichia coli, a bacterium of genus Pyrococcus or a 

10 bacterium of genus Archaeoglobus and BcaBEST DNA polymerase 
is preferably used. It is considered that the preferable 
units of the endonuclease and the DNA polymerase may vary 
depending on the types the enzymes. In such a case, the 
composition of the buffer used and the amount of the 

15 enzymes added may be adjusted using the increase in 
detection sensitivity or the amount of amplification 
product as an index. In either case, it is natural to 
optimize the composition of the reaction buffer and the 
like depending on the type of the enzyme to be used. 

20 [0205] (5) Method for amplifying nucleic acid of the 

present invention . 

The method of the present invention can be 
conducted by using at least one oligonucleotide primer as 
described above in (1) in combination with the endonuclease 

25 as described above in (2) and the DNA polymerase as 
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described above in (3) . Alternatively, a DNA polymerase 
having an RNase H activity can be used under conditions 
that allow the RNase H activity to express as described 
above . 

5 [0206] dNTPs used for the PCR or the like (a mixture of 
dATP, dCTP, dGTP and dTTP) can be preferably used as 
nucleotide triphosphates that serve as substrates in the 
extension reaction in the method. In addition, dUTP may be 
used as a substrate. The dNTPs may contain a dNTP 

10 (deoxyribonucleotide triphosphate) analog such as 7-deaza- 

dGTP, triphosphate of dITP or the like as long as it serves 
as a substrate for the DNA polymerase used. A derivative 
of a dNTP or a dNTP analog may be used. A derivative 
having a functional group such as a dUTP having an amino 

15 group may be contained. A chimeric oligonucleotide primer 
is used in the method. The primer can be prepared, for 
example, using a DNA synthesizer according to a 
conventional synthesis method. A combination of the 
chimeric oligonucleotide primer and a normal 

20 oligonucleotide primer can be used in the method of the 
present invention . 

[0207] If the activity of the enzyme used may be 

decreased in the course of the reaction, the enzyme can be 
further added during the reaction in the method of the 
25 present invention. Although it is not intended to limit 
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the present invention, for example, an RNase H from 
Escherichia coli may be further added during a reaction in 
which the RNase H is used* The added enzyme may be the 
same as that contained in the reaction mixture at the 
5 beginning of the reaction or it may be a different enzyme 
that exhibits the same activity. Thus, the type or the 
property of the enzyme to be added is not limited to a 
specific one as long as the addition during the reaction 
provides effects such as increase in the detection 
10 sensitivity or increase in the amount of amplification 
product . 

[0208] The nucleic acid (DNA or RNA) used as a template 
in the method of the present invention may be prepared or 
isolated from any sample that may contain the nucleic acid. 

15 Alternatively, the sample may be used directly in the 
method for amplifying a nucleic acid of the present 
invention. Examples of the samples that may contain the 
nucleic acid include, but are not limited to, samples from 
organisms such as a whole blood, a serum, a buffy coat, a 

20 urine, feces, a cerebrospinal fluid, a seminal fluid, a 
saliva, a tissue (e.g., a cancerous tissue or a lymph node) 
and a cell culture (e.g., a mammalian cell culture or a 
bacterial cell culture) , samples that contain a nucleic 
acid such as a viroid, a virus, a bacterium, a fungi, a 

25 yeast, a plant and an animal, samples suspected to be 
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contaminated or infected with a microorganism such as a 
virus or a bacterium (e.g., a food or a biological 
formulation) , and samples that may contain an organism such 
as a soil and a waste water. The sample may be a 
5 preparation containing a nucleic acid obtained by 
processing the above-mentioned samples according to a known 
method. Examples of the preparations that can be used in 
the present invention include a cell destruction product or 
a sample obtained by fractionating the product, the nucleic 

10 acid in the sample, or a sample in which specific nucleic 
acid molecules such as mRNAs are enriched. Furthermore, a 
nucleic acid such as a DNA or an RNA obtained amplifying a 
nucleic acid contained in the sample by a known method can 
be preferably used. 

15 [0209] The preparation containing a nucleic acid can be 

prepared from the above-mentioned materials by using, for 
example, lysis with a detergent, sonication, 
shaking/stirring using glass beads or a French press, 
without limitation. In some cases, it is advantageous to 

20 further process the preparation to purify the nucleic acid 
(e.g., in case where an endogenous nuclease exists). In 
such cases, the nucleic acid is purified by a know method 
such as phenol extraction, chromatography, ion exchange, 
gel electrophoresis or density-gradient centrif ugation . 

25 [0210] When it is desired to amplify a nucleic acid 
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having a sequence derived from an RNA, the method of the 
present invention may be conducted using as a template a 
cDNA synthesized by a reverse transcription reaction that 
uses the RNA as a template. Any RNA for which one can make 
5 a primer to be used in a reverse transcription reaction can 
be applied to the method of the present invention, 
including total RNA in a sample, RNA molecules such as, 
mRNA, tRNA and rRNA as well as specific RNA molecular 
species . 

10 [0211] Any primer that anneals to an RNA as a template 

under reaction conditions used can be used in the reverse 
transcription reaction. The primer may be a primer having 
a nucleotide sequence that is complementary to a specific 
RNA as a template (a specific primer) , an oligo-dT 

15 (deoxythymine) primer and a primer having a random sequence 
(a random primer) . In view of specific annealing, the 
length of the primer for reverse transcription is 
preferably 6 nucleotides or more, more preferably 9 
nucleotides or more. In view of oligonucleotide synthesis, 

20 the length is preferably 100 nucleotides or less, more 
preferably 30 nucleotides or less. A chimeric 

oligonucleotide primer can be used as a primer for reverse 
transcription. The chimeric oligonucleotide primer can 
also be utilized as a primer for a strand displacement 

25 reaction in the method for amplifying a nucleic acid of the 
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present invention using a cDNA obtained after reverse 
transcription as a template. Such a primer may be any one 
that has the properties as described above in (1) and that 
can be used in a reverse transcription reaction from an RNA. 
5 [0212] Any enzyme that has an activity of synthesizing a 
cDNA using an RNA as a template can be used in the reverse 
transcription reaction . Examples thereof include reverse 
transcriptases originating from various sources such as 
avian myeloblastosis virus-derived reverse transcriptase 

10 (AMV RTase) , Molony murine leukemia virus-derived reverse 

transcriptase (MMLV RTase) and Rous-associated virus 2 
reverse transcriptase (RAV-2 RTase) . In addition, a DNA 
polymerase that also has a reverse transcription activity 
can be used. An enzyme having a reverse transcription 

15 activity at a high temperature such as a DNA polymerase 
from a bacterium of genus Thermus {e.g., Tth DNA 
polymerase) and a DNA polymerase from a thermophilic 
bacterium of genus Bacillus is preferable for the present 
invention. For example, DNA polymerases from thermophilic 

20 bacteria of genus Bacillus such as a DNA polymerase from B. 

st (Bst DNA polymerase) and Bca DNA polymerase are 
preferable, although it is not intended to limit the 
present invention. For example, Bca DNA polymerase does 
not require a manganese ion for the reverse transcription 

25 reaction. Furthermore, it can synthesize a cDNA while 
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suppressing the formation of a secondary structure of an 
RNA as a template under high-temperature conditions. Both 
a naturally occurring one and a variant of the enzyme 
having a reverse transcriptase activity can be used as long 
5 as they have the activity. 

[0213] In another aspect, after duplicating a DNA or an 

RNA containing a nucleotide sequence to be amplified 
beforehand, the duplicated product may be used as a nucleic 
acid as a template in the method of the present invention. 

10 Examples of the methods for duplication include, but are 
not limited to, a method in which an appropriate host is 
transformed with a vector into which the nucleic acid 
fragment containing the nucleotide sequence to be amplified 
is inserted, the resulting transformant is cultured, the 

15 vector into which the nucleic acid fragment containing the 
nucleotide sequence to be amplified is inserted is 
extracted therefrom and used. Any vectors can be used as 
long as they are stably replicated in the host. For 
example, pUC series, pBluescript series, pGEM series, 

20 cosmid type vectors and phage type vectors are preferably 
used. Any hosts can be used as long as they can maintain 
the vectors used. For example, Escherichia coli, which is 
readily cultured, is exemplified. 

[0214] In another aspect of the duplication method, 
25 after an RNA having a nucleotide sequence to be amplified 
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is transcribed using an RNA polymerase and a nucleic acid 
fragment containing the nucleotide sequence as a template, 
the RNA may be used as a template for the method of the 
present invention directly or after converting it into a 
5 cDNA by reverse transcription reaction. The nucleic acid 
fragment containing the nucleotide sequence to be amplified 
is not limited to a specific one as long as it has a 
promoter sequence for an RNA polymerase. It may be 

inserted into a vector having a promoter sequence for an 

10 RNA polymerase, ligated with an adapter or a cassette 
having a promoter sequence for an RNA polymerase at its end 
or enzymatically synthesized using a primer having a 
promoter sequence for an RNA polymerase and an appropriate 
template. Thus, a nucleic acid fragment containing a 

15 nucleotide sequence to be amplified can be duplicated or 
amplified in a form of an RNA using a promoter sequence for 
an RNA polymerase being positioned as described above. Any 
vectors can be used as long as they have promoter sequences 
for RNA polymerases. For example, pUC series, pBluescript 

20 series, pGEM series, cosmid type vectors and phage type 
vectors are preferably used. The vector can be preferably 
used in its circular form or after being linearized. Any 
RNA polymerases can be used for the duplication or 
amplification method. For example, SP6 RNA polymerase, T7 

25 RNA polymerase, T3 RNA polymerase or the like can be 
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preferably used. 

[0215] Both of a double-stranded DNA such as a genomic 
DNA isolated as described above or a PCR fragment and a 
single-stranded DNA such as a cDNA prepared by a reverse 
5 transcription reaction from a total RNA or an mRNA can be 
preferably used as a template DNA in the present invention. 
The double-stranded DNA is preferably used either after 
denaturing it into single-stranded DNAs or without the 
denaturation. 

10 [0216] The denaturing step may be eliminated in the 

nucleic acid amplification method of the present invention 
if a linear double-stranded DNA such as a PCR amplification 
product is used as a template. The elimination may be 
accomplished by locating the annealing site for the primer 

15 used in the method of the present invention about 50 bases 
inside from the terminus of the DNA. If a nucleic acid 
having a sequence from an RNA is to be amplified, 
amplification reaction can be initiated by adding an RNA- 
cDNA double-stranded nucleic acid obtained by reverse 

20 transcription reaction using an RNA as a template to the 
amplification reaction mixture of the present invention 
containing an RNase H to digest the RNA strand and convert 
the nucleic acid into a single-stranded cDNA. Furthermore, 
a reverse transcription reaction using an RNA as a template 

25 and a DNA amplification reaction using a cDNA generated by 
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the reverse transcription reaction as a template can be 
conducted with one DNA polymerase in the DNA synthesis 
method of the present invention. Such a DNA polymerase has 
a reverse transcriptase activity and a strand displacement 
5 activity. 

[0217] The suitable length of the template is one that 
provides a sufficient binding of the primer sequence due to 
the presence of the whole target sequence or at least a 
sufficient part of the target sequence in the fragment. 

10 [0218] Without limitation, if a DNA as a template is a 
double-stranded DNA, the DNA can be denatured into single- 
stranded DNAs to allow a primer to bind to the DNA strand 
as the template in the method of the present invention. 
Incubating the double-stranded DNA at a temperature at 

15 which it is denatured (e.g., about 95°C) is preferable for 
the denaturation. Other processes include one in which an 
elevated pH is used. In this case, the pH should be 
lowered upon the amplification reaction in order to allow 
an oligonucleotide primer to bind to a target. A nucleic 

20 acid is successively amplified under isothermal conditions 
after denaturing a double-stranded DNA into single-stranded 
DNAs or, if an RNA is used as a template, preparing a cDNA 
(a single-stranded DNA) by a reverse transcription reaction. 
[0219] "Successively" means that a reaction proceeds 

25 without a change in the reaction temperature or the 
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composition of the reaction mixture. As used herein, 
"isothermal" means conditions of a substantially constant 
temperature under which an enzyme and a nucleic acid strand 
function in each step. 
5 [0220] The nucleic acid amplification reaction of the 
present invention may be conducted at a normal temperature 
(e.g., 37°C) by using a mesophilic DNA polymerase such as 
Klenow fragment. It can also be conducted at a high 
temperature (e.g., 50°C or higher, or 60°C or higher) by 

10 using heat-resistant enzymes (an endonuclease and a DNA 
polymerase) . In this case, non-specific annealing of a 
primer is suppressed, resulting in increase in the 
specificity of DNA amplification. Furthermore, the problem 
of forming secondary structure of a DNA as a template is 

15 solved, resulting in increase in the ability of extension 
of a DNA polymerase. A reverse transcription reaction and 
the nucleic acid amplification can be successively 
conducted in the method. In this case, a DNA having a 
sequence derived from an RNA can be amplified by combining 

20 the use of a reverse transcriptase with the above-mentioned 
reaction or by using a DNA polymerase having a reverse 
transcription activity . 

[0221] In each aspect of the present invention, 

preferably, a chimeric oligonucleotide primer that is 
25 complementary to a single-stranded DNA as a template is 
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first annealed to the DNA, although it is not intended to 
limit the present invention. A DNA that is complementary 
to the DNA as the template (a primer-extended strand) is 
then extended along the remained sequence of the DNA as the 
5 template from the 3' -terminus of the primer by the action 
of a DNA polymerase to synthesize a double-stranded DNA. 
An endonuclease acts on the double-stranded DNA and begins 
to reextend a DNA from the primer portion of the primer- 
extended strand de novo. In one aspect of the present 

10 invention, the endonuclease acts as a nicking enzyme that 
introduces a nick into the double-stranded DNA or it alters 
the structure of the double-stranded DNA composed of the 
chimeric oligonucleotide primer and the DNA as the template, 
although the present invention is not restricted by a 

15 theory. A DNA polymerase having a strand displacement 
activity re-extends a DNA strand from the 3 '-terminus of 
the nick introduced in the double-stranded DNA to generate 
a new primer-extended strand while releasing the DNA 
downstream from the 3 '-terminus of the nick. Thus, the new 

20 primer-extended strand replaces the previously synthesized 
primer-extended strand. 

[0222] The method for amplifying a nucleic acid of the 
present invention can be carried out using two primers, 
i.e., a chimeric oligonucleotide primer that is 
25 complementary to a nucleic acid as a template and another 
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chimeric oligonucleotide primer that is complementary to a 
displaced strand. In this case, one primer binds to a DNA 
strand as a template to cause a strand displacement 
reaction, whereas another primer binds to a displaced 
5 strand released as a result of the strand displacement 
reaction to initiate another strand displacement reaction. 
It is clear that a reaction product with one primer can 
function as a template for another primer if this aspect is 
used. Thus, the amount of amplification product increases 
10 in a non-linear manner as the amount of the template 
increases . 

[0223] When the method for amplifying a nucleic acid of 
the present invention is conducted using a double-stranded 
DNA as a template, both strands can serve as templates in 

15 the amplification reaction by using chimeric 
oligonucleotide primers that anneal to the respective two 
strands. If the reaction is initiated after denaturing the 
double-stranded DNA, a chimeric oligonucleotide primer, 
four deoxyribonucleotide triphosphates (dNTPs) , a DNA 

2 0 polymerase and an endonuclease are added to a reaction 
mixture before or after the double-stranded DNA is 
denatured. If heat treatment is used for denaturing the 
double-stranded DNA and a heat-resistant enzyme is not used, 
it is preferable to add the enzyme after the denaturation . 

25 [0224] In the aspect of the nucleic acid amplification 
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method of the present invention in which a double-stranded 
DNA as a template and two chimeric oligonucleotide primers 
are used, switching of templates may occur among the 
template-extended strand intermediates during the extension 
5 reaction from the primers to generate a double-stranded 
nucleic acid consisting of the synthesized primer-extended 
strands being annealed each other, although it depends on 
the reaction conditions or the like. The double-stranded 
nucleic acid has chimeric oligonucleotide primers at both 

10 ends. Then, reaction of extending complementary strands 
comprising strand displacement can be initiated from both 
of the ends again. As a result of the reaction, an 
amplification product having the primer sequence at one end 
is generated. Furthermore, if switching of templates 

15 occurs during the reaction, a double-stranded nucleic acid 
similar to one that described above is generated again. 
[0225] The present invention provides a method for 
amplifying a nucleic acid which comprises using a DNA 
polymerase having a strand displacement activity to effect 

20 a template switching reaction. In the template switching 
reaction in the presence of a double-stranded nucleoc acid 
as a template, two chimeric oligonucleotide primers 
substantially complementary to the nucleotide sequences of 
the respective strands and a DNA polymerase having a strand 

25 displacement activity, two primer-extended strands 
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complementary to the template are synthesized. Template 
switching of each of the primer-extended strands from the 
template to the other primer-extended strand takes place 
during the synthesis of the primer-extended strands. 
5 [0226] As used herein, a template switching reation 

refers to a reaction in which when complementary strands 
are synthesized by strand displacement reactions from the 
both sides of a double-stranded nucleic acid, a DNA 
polymerase switches the template and synthesizes a 

10 complementary strand thereafter using the other 
complementary strand newly synthesized by another DNA 
polymerase as a template. In other words, a template 
switching reaction refers to a reaction in which a double- 
stranded nucleic acid as a template is treated with primers 

15 and a DNA polymerase having a strand displacement activity 
to generate extended strands complementary to the template, 
wherein a DNA polymerase that synthesized the primer- 
extended strands actively switches the template from the 
original templates to the other primer-extended strands 

20 during the synthesis of the extended strands. The ability 
of the DNA polymerase to effect a template switching 
reaction can be determined, for example, according to the 
method as described in Example 45 below, although it is not 
intended to limit the present invention. 

25 [0227] A DNA polymerase capable of an effect the 
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template switching reaction during strand displacement 
reaction can be preferably used for the present invention. 
For example, a variant enzyme of Bca DNA polymerase lacking 
a 5 T -»3 T exonuclease activity is preferably used in 
5 particular. Such an enzyme is commercially available as 
BcaBEST DNA polymerase (Takara Shuzo) . It can also be 
prepared from Escherichia coli HB101/pU1205 (FERM BP-3720) 
which contains the gene for the enzyme according to the 
method as described in Japanese Patent No. 2978001. 
10 [0228] Although it is not intended to limit the present 
invention, the mode of reaction of the method for 
amplifying a nucleic acid of the present invention is 
considered as follows, for example. 

[0229] In the method for amplifying a nucleic acid of 

15 the present invention, a double-stranded nucleic acid as a 
template is treated in the presence of an RNase H with two 
chimeric oligonucleotide primers that are substantially 
complementary to the nucleotide sequences of the respective 
strands and a DNA polymerase having a strand displacement 
20 activity to synthesize primer-extended strands that are 
complementary to the template. A double-stranded nucleic 
acid consisting of the synthesized primer-extended strands 
being annealed each other and a double-stranded nucleic 
acid consisting of the templates being annealed each other 
25 to which the two primers are annealed as a result of 
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template switching reaction can be obtained. The latter 
double-stranded nucleic acid is reused as a template. 
[0230] The double-stranded nucleic acid consisting of 
the primer-extended strands being annealed each other is 
5 cleaved with an RNase H at sites that contain the 
ribonucleotides. Nucleic acids that are complementary to 
the template are extended using a DNA polymerase having a 
strand displacement activity from the 3 '-termini of the 
respective primer portions of the double-stranded nucleic 

10 acid by an effect of strand displacements. A double- 
stranded nucleic acid consisting of the primer-extended 
strands being annealed each other and a double-stranded 
nucleic acid consisting of the templates being annealed 
each other to which the two primers are annealed as a 

15 result of template switching reaction can be obtained. 

[0231] If the template switching reaction does not take 

place, two types of double-stranded nucleic acids each 
consisting of the template and the primer-extended strand 
can be obtained. 

2 0 [0232] Nucleic acids that are complementary to the 
template are extended using a DNA polymerase having a 
strand displacement activity from the 3 '-termini of the 
respective primer portions of the double-stranded nucleic 
acid. As a result of template switching reaction, a 

25 double-stranded nucleic acid consisting of the primer- 
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extended strands being annealed each other and a double- 
stranded nucleic acid consisting of the templates being 
annealed each other to which the two primers are annealed 
can be obtained. The double-stranded nucleic acid to which 
5 the two primers are annealed is reused as a template. 

[0233] If the template switching reaction does not take 

place, two types of double-stranded nucleic acids each 
consisting of the template and the primer-extended strand 
can be obtained. 

10 [0234] The two types of double-stranded nucleic acids 
are cleaved with an RNase H at sites that contain the 
ribonucleotides. Nucleic acids that are complementary to 
the template are extended using a DNA polymerase having a 
strand displacement activity from the 3 '-termini of the 

15 respective primer portions of the double-stranded nucleic 
acid by an effect of strand displacements. 

[0235] In the method for amplifying a nucleic acid of 
the present invention, a double-stranded nucleic acid as a 
template is treated in the presence of an RNase H with two 

20 chimeric oligonucleotide primers that are substantially 
complementary to the nucleotide sequences of the respective 
strands and a DNA polymerase having a strand displacement 
activity and primer-extended strands that are complementary 
to the template are synthesized. If the template switching 

25 reaction does not take place, two types of double-stranded 
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nucleic acids each consisting of the template and the 
primer-extended strand can be obtained. 

[0236] In the amplification method of the present 
invention, the chimeric oligonucleotide primer-extended 
5 strand may be cleaved at a site that contains the 
ribonucleotide such that the 5' fragment (primer portion) 
resulting from the cleavage does not contain the 
ribonucleotide. A primer-extended strand extended from the 
thus generated primer portion is no longer cleaved by an 
10 endonuclease. As a result, an amplification product having 
the primer sequence at its end is generated. 

[0237] As described above, an amplification product 
without the primer sequence and a product having the primer 
sequence (s) at one or both of the ends may be generated in 
15 the nucleic acid amplification method of the present 
invention. These products are included in the 

amplification products herein. 

[0238] An example of the method for amplifying a nucleic 
acid of the present invention is illustrated in Figures 33 

20 to 36. In other words, Figures 33 to 36 illustrate an 
exemplary nucleic acid amplification in the nucleic acid 
amplification method of the present invention. 
[0239] Figures 33 to 36 illustrate an exemplary nucleic 
acid amplification in the presence of a DNA as a template 

25 which is a double-stranded nucleic acid, a pair of 
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chimeric oligonucleotide primers synthesized on the basis 
of the nucleotide sequence information of the DNA as the 
template (in the figures, the chimeric oligonucleotide 
primers have three ribonucleotides at their 3 '-termini ; 
5 open circles in the figures represent the ribonucleotides) , 
a strand displacement type DNA synthetase (DNA polymerase) 
having a strand displacement activity, an RNase H which is 
a ribonuclease that cleaves at a DNA-RNA hybrid site, and 
dNTPs which are substrates to be incorporated into the 

10 extended strands. 

[0240] As shown in Figure 33, the chimeric 
oligonucleotide primers synthesized on the basis of the 
nucleotide sequence information of the DNA as the template 
are annealed to the specific portions of the DNA as the 

15 template. DNA strands are extended from the 3 T -termini of 
the respective chimeric oligonucleotide primers as a result 
of the strand displacement reaction as indicated with Step 
1. 

[0241] Next, as shown in Figure 34, some of the primer- 
2 0 extended strands extended from upstream and downstream are 
released from the original templates as a result of the 
template switching reaction as indicated with Step 2. The 
primer-extended strands are annealed each other at their 3' 
portions. Complementary strands are extended from the 
25 annealed extended strands, forming a double-stranded DNA 
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consisting of the primer-extended strands being annealed 
each other. Additionally, a double-stranded DNA consisting 
of the displaced strands being annealed each other to which 
the above-mentioned chimeric oligonucleotide primers are 
5 annealed is generated. This is utilized as the starting 
material in Figure 34. 

[0242] As indicated with Step 3 in Figure 35, only one 
strand containing an RNA derived from the chimeric 
oligonucleotide primer of the double-stranded DNA in Figure 

10 34 consisting of the primer-extended strands being annealed 
each other is cleaved by the action of an RNase H at the 
DNA/ RNA hybrid site of the double- stranded DNA, resulting 
in introduction of a nick in the double-stranded DNA. 
[0243] Subsequently, the strand displacement reaction 

15 takes place from the nick in the double-stranded DNA and a 
DNA is extend as indicated with Step 4 in Figure 35. Next, 
a template switching reaction like that in Step 2 in Figure 
34 takes place in some degree or at some ratio as indicated 
with Step 5 in Figure 35, resulting in a double-stranded 

20 DNA consisting of the amplification products, i.e., the 
primer-extended strands being annealed each other. 
[0244] In addition, a double-stranded DNA consisting of 
the displaced strands being annealed each other to which 
the above-mentioned chimeric oligonucleotide primers are 

25 annealed are generated. 
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[0245] Next, as shown in Figure 36, DNA strands are 
extended as a result of the strand displacement reaction 
from the 3 '-termini of the respective chimeric 
oligonucleotide primers in the double-stranded DNA in 
5 Figure 35 which consists of the displaced strands being 
annealed each other to which the chimeric oligonucleotide 
primers are annealed. Similar template switching reactions 
take place in Step 2 and Step 5 in some degree, resulting 
in a double-stranded DNA consisting of the primer-extended 

10 strands being annealed each other. This double-stranded 
DNA is brought back to Step 3 in Figure 35. The reaction 
starts on Step 3 again. A double-stranded DNA which 
consists of the displaced strands being annealed each other 
to which the chimeric oligonucleotide primers are annealed 

15 is generated and utilized as a starting material in Figure 
36. As a result, a chain reaction, in which these double- 
stranded nucleic acids are repeatedly generated, takes 
place to specifically amplify and produce a region bounded 
by a pair of chimeric oligonucleotide primers. 

20 [0246] In the nucleic acid amplification method of the 
present invention using a chimeric oligonucleotide, a 
polymer in which the regions to be amplified are connected 
each other may be generated. The polymer has a structure 
in which plural regions to be amplified are repeated in the 

25 same direction. The polymers are observed upon 
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electrophoretic analysis of amplification products as 
laddered bands. It is considered that the generation of 
such polymers is influenced by the region to be amplified, 
the size of the region, the flanking regions, the 
5 nucleotide sequence of the chimeric oligonucleotide primer 
to be used, the reaction conditions and the like. 
[0247] The polymer as described above contains plural 
regions to be amplified. For example, the polymer is 
useful when detection of a nucleic acid containing a region 

10 to be amplified is intended because it hybridizes to a 
. number of probes upon hybridization using an appropriate 
probe and generates a intensive signal. The region to be 
amplified or a portion thereof can be obtained from the 
polymer as a monomer by using digestion with a restriction 

15 enzyme or the like in combination. 

[0248] The DNA polymerase used in the present invention 
should synthesize an extended strand from the 3 1 -terminus 
of the primer portion towards the downstream while 
displacing a previously extended DNA strand. It is 

20 important that the DNA polymerase should not exhibit a 
5 ! -^3 f exonuclease activity that may digest the displaced 
strand. For example, Klenow fragment, which is an 

exonuclease-def icient variant of DNA polymerase I from 
Escherichia coli, a similar fragment derived from Bst DNA 

25 polymerase (New England Biolabs) , and BcaBEST DNA 
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polymerase from B. ca (Takara Shuzo) are useful as such a 
DNA polymerase* Sequenase 1.0 and Sequenase 2.0 (United 
States Biochemical), and T5 DNA polymerase and cp29 DNA 
polymerase as described in Gene, 97:13-19 (1991) can also 
5 be used. A polymerase that normally has a 5 T ^3 T exonuclease 
activity can be used in the DNA synthesis method of the 
present invention if addition of an appropriate inhibitor 
can inhibit the activity. 

[0249] The method for amplifying a nucleic acid of the 
10 present invention may be conducted at varying temperatures 
or it may be conducted isothermally . Varying temperatures 
means that the reaction temperatures are changed for 
respective steps such that the change does not interfere 
with the reactions in the steps. Specifically, varying 
15 temperatures refers to change in temperature to that 
suitable for, for example, each of annealing of a primer, 
synthesis reaction of a complementary strand, nicking of a 
complementary strand and a displacement reaction. 
[0250] On the other hand, isothermal means that the 
2 0 reaction temperature for each step is unchanged and each 
step is conducted at a substantially constant temperature. 
It is natural to select the temperature to optimize the 
reaction conditions in both cases. 

[0251] One feature of the method for amplifying a 
25 nucleic acid of the present invention is that the method 
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does not require adjusting the temperature up and down 
during the nucleic acid synthesis. Thus, the present 
invention provides a method for isothermally synthesizing a 
nucleic acid. Many of conventional nucleic acid 

5 amplification methods require adjusting the temperature up 
and down to dissociate a target from a synthesized strand. 
These methods require a special reaction equipment such as 
a thermal cycler for this purpose. However, the method of 
the present invention can be conducted only using an 

10 equipment that can keep a constant temperature. As 
described above, the method of the present invention can be 
conducted at a single temperature. Preferably, it is 
conducted by selecting the reaction temperature and the 
stringency level such that non-specific annealing of a 

15 primer is reduced and such that the primer specifically 
anneals to a nucleic acid as a template. Although it is 
not intended to limit the present invention, the method of 
the present invention can be conducted under high- 
temperature conditions by using a heat-resistant enzyme as 

20 described above. In addition, it is preferable to conduct 
the method of the present invention at an appropriate 
temperature for sufficiently retaining the activity of the 
enzyme used in order to maintain the reaction efficiency at 
high level. Thus, the reaction temperature is preferably 

25 about 20°C to about 80°C, more preferably about 30°C to 
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about 75°C, most preferably about 50°C to about 70°C 
although it varies depending on the enzyme used. When the 
reaction is conducted under high-temperature conditions in 
particular, it is preferable to use a longer primer than 
5 that for a reaction at a normal temperature. The sequence 
and the length of the primer appropriate for the reaction 
temperature may be determined, for example, with reference 
to its Tm value. Alternatively, a commercially available 
software for designing a primer such as OLIGO™ Primer 

10 Analysis software (Takara Shuzo) may be used. For example, 
when a reaction temperature of 55°C to 60°C or 65°C is used, 
the primer used for the method of the present invention may 
be, for example, without limitation, 12-100 nucleotides in 
length, preferably 14-50 nucleotides in length, more 

15 preferably 15-40 nucleotides in length. An example of 
effects brought by the elevated reaction temperature is the 
solution of a problem of forming secondary structure of a 
DNA as a template. The elevated reaction temperature 
enables amplification of a desired nucleic acid even if a 

20 nucleic acid having a high GC content is used as a template. 
Furthermore, it is similarly effective in amplifying a 
region of a long chain length. Such effect is observed in 
a range between about 60 bp and about 2 0 kbp, specifically 
between about 110 bp and about 4.3 kbp, more specifically 

25 about 130 bp and about 1500 bp. 
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[0252] The amplification efficiency can be increased by 
adjusting the reaction temperature in accordance with the 
GC content of the nucleic acid as the template. For 
example, if a nucleic acid having a low GC content is used 
5 as a template, the amplification reaction of the present 
invention can be conducted at 50 to 55 °C, although the 
temperature depends on the chain length to be amplified and 
the Tm value of the primer. 

[0253] Use of a DNA polymerase having a reverse 
10 transcriptase activity (e.g., BcaBEST DNA polymerase) in 
the method of the present invention can make the 
amplification of a nucleic acid from an RNA, which 
comprises a step of preparing a cDNA from an RNA (a reverse 
transcription reaction) , be conveniently conducted. 
15 Alternatively, a product obtained by independently 
conducting a step of preparing a cDNA from an RNA, i.e., a 
cDNA, can be used in the method of the present invention as 
the DNA as a template. 

[0254] In each case, the reaction in the method of the 

20 present invention is repeated until it is terminated by 
appropriate means, for example, by inactivating the enzyme 
or by lowering the reaction temperature, or until the 
reaction is deprived of one of the substrates. 
[0255] Figure 40 illustrates one embodiment in which a 
25 single-stranded DNA as a template and two primers are used. 
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Respective steps, which are successively conducted in 
parallel, are described below: 

(1) a step of annealing a single-stranded DNA as 
a template with a chimeric oligonucleotide primer; 
5 (2) a step of effecting a DNA extension reaction 

from the 3 1 -terminus of the primer to form a primer- 
extended strand; 

(3) a step of cleaving at a site that contains a 
ribonucleotide in the primer with an endonuclease; 
10 (4) a step of effecting a strand displacement 

using a DNA polymerase from the cleavage site in step (3) ; 

(5) a step of reusing a double-stranded DNA, 
which is composed of a template obtained in step (4) and a 
regenerated primer-extended strand, in step (3) , while 

15 utilizing a released displaced strand in a reaction of step 
(6) and the following steps; 

(6) a step annealing an oligonucleotide primer 
that is different from that in step (1) with the released 
displaced strand in step (5) as a template; 

20 (7) a step of effecting a DNA extension reaction 

from the 3 '-terminus of the primer to form a primer- 
extended strand; 

(8) a step of cleaving at a site that contains a 
ribonucleotide in the primer with an endonuclease; 

25 (9) a step of effecting a strand displacement 
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using a DNA polymerase from the cleavage site in step (8); 
and 

(10) a step of reusing a template obtained in 
step (9) and a regenerated primer-extended strand in step 
5 (8) . 

[0256] When a double-stranded DNA is used as a template, 
each of the single-stranded DNAs obtained after denaturing 
the double-stranded DNA serves as the template in step (1). 
Therefore, the amount of amplification product is more than 
10 that obtained with a single-stranded DNA as a template. In 
addition, detection of the amplification product can be 
conducted in a shorter time than that required when a 
single-stranded DNA is used as a template. 

[0257] The method for amplifying a nucleic acid of the 
15 present invention can be used for various experimental 
procedures that utilize amplification of a nucleic acid 
including detection, labeling and sequencing of a nucleic 
acid. 

[0258] Furthermore, the method for amplifying a nucleic 

20 acid of the present invention can be used for an in situ 
nucleic acid amplification method, a method for amplifying 
a nucleic acid on a solid substrate such as a DNA chip, or 
a multiplex nucleic acid amplification method in which 
plural regions are simultaneously amplified. 
25 [0259] One of the features of the method for amplifying 
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a nucleic acid of the present invention is its ability to 
prepare a single-stranded DNA. One or two chimeric 

oligonucleotide primers can be used in the method for this 
purpose. For example, if two oligonucleotide primers are 
5 used, the method of the present invention can be conducted 
applying a similar primer ratio to the so-called 
asymmetric-PCR in which an amplification reaction is 
carried out by using an excess amount of one 
oligonucleotide primer relative to another. The primer 

10 ratio is, without limitation, preferably in a range of 1:10 
to 1:500, more preferably in a range of 1:10 to 1:100. As 
a result, the amount of the replacement product from one 
strand becomes excessive relative to that from another. 
[0260] According to the method for amplifying a nucleic 

15 acid of the present invention, a single-stranded DNA 
substantially free of a complementary strand thereto can be 
prepared. For example, a single-stranded DNA for producing 
a material having an immobilized nucleic acid such as a DNA 
chip, a single-stranded DNA probe for detecting a target 

20 nucleic acid, or a mega-primer for the long-chain PCR can 
be readily produced in a short time. Only a sense sequence 
or an antisense sequence can be selectively amplified by 
using the method of the present invention. Thus, the 
present invention is also useful as a method for producing 

25 a nucleic acid having a sense sequence or a antisense 




117 

sequence . 

[0261] A region of a nucleic acid of interest can be 
amplified even from a trace amount of a nucleic acid as a 
template by conducting the method of the present invention 
5 in a buffer of Bicine, Tricine, HEPES, phosphate or tris. 

[0262] Furthermore, the methods for amplifying a nucleic 
acid of the present invention does not require the specific 
reaction equipment that can adjust a temperature with the 
passage of time. Therefore, an amplification reaction can 
10 be conducted in a large volume of reaction mixture. Thus, 
a nucleic acid (e.g., for medical use) can be industrially 
produced in large quantities. 

[0263] The utilization efficiency of the primer in the 
method for amplifying a nucleic acid of the present 

15 invention is about 100%, which may be 5- to 10-fold higher 
than that in a conventional method such as the PCR. 
[0264] The nucleic acid amplification method of the 
present invention can produce an amplification product with 
high fidelity to the nucleotide sequence of the template 

20 nucleic acid. When the frequency of error in the DNA 
synthesis in the method of the present invention was 
confirmed by analyzing the nucleotide sequences of 
resulting amplification products, the frequency of error 
found in amplification products obtained by the method of 

25 the present invention was equivalent to that by LA-PCR 
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which is known to be able to amplify a nucleic acid with 
high fidelity. In other words , the method of the present 
invention has fidelity equivalent to that of the LA-PCR. 
[0265] (6) Method for detecting target nucleic acid of 

5 the present invention and kit for the method. 

A target nucleic acid in a sample can be detected 
by using the method for amplifying a nucleic acid of the 
present invention. The detection method comprises: 

(a) amplifying a target nucleic acid by the 
10 method for amplifying a nucleic acid of the present 

invention as described above; and 

(b) detecting the target nucleic acid amplified 
in the step above. 

[0266] In step (a) above, if an RNA is used as a 
15 template, the reverse transcription reaction and the 
nucleic acid amplification reaction may be conducted in one 
step. Although it is not intended to limit the present 
invention, for example, a combination of AMV RTase, MMLV 
RTase or RAV-2 RTase and Bca DNA polymerase lacking 5 T ^3 T 
20 exonuclease can be preferably used as a combination of a 
reverse transcriptase and a strand displacement-type DNA 
polymerase . 

[0267] The method can be utilized to detect or quantify 

a specific gene in a sample. In other words, a specific 
25 gene can be detected or quantified from all samples 
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suspected to contain a nucleic acid such as a DNA or an RNA. 
Examples of the samples from which a specific gene can be 
detected or quantified include, but are not limited to, 
samples from organisms such as a whole blood, a serum, a 
5 buffy coat, a urine, feces, a cerebrospinal fluid, a 
seminal fluid, a saliva, a tissue (e.g., a cancerous tissue 
or a lymph node) and a cell culture (e.g., a mammalian cell 
culture or a bacterial cell culture) , samples that contain 
a nucleic acid such as a viroid, a virus, a bacterium, a 

10 fungi, a yeast, a plant and an animal, samples suspected to 
be contaminated or infected with a micoorganism such as a 
virus or a bacterium (e.g., a food or a biological 
formulation) , and samples that may contain an organism such 
as a soil and a waste water. For example, a viroid, a 

15 virus, a fungi, a bacterium or other microorganisms in a 
sample can be detected or quantified on the basis of the 
presence or the content of a specific gene derived from 
these microorganisms as a target. Particularly, a method 
for detecting a pathogenic microorganism is useful in 

20 fields of sanitation and environment. Furthermore, the 
method of the present invention can be used to distinguish 
a genotype of an organism or to determine the expression 
level of a gene. Particularly, detection or confirmation 
of the expression state of a disease-related gene, e.g., a 

25 gene related to canceration of cells is useful in a field 
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of medicine. Both of an RNA and a DNA can be preferably 
used as the nucleic acid as the template in the detection. 
[0268] The method for detecting a target nucleic acid of 
the present invention can be used to distinguish the 
5 difference in the nucleotide sequence of the target nucleic 
acid. In this aspect, the chimeric oligonucleotide primer 
to be used is designed such that the 3 '-terminal portion of 
the primer is positioned close to the specific base of the 
target nucleotide sequence to be distinguished. For 

10 example, it is designed such that a hydrogen bond is formed 
between the base and the 3 '-terminal base of the primer. 
If a mismatch exists between the nucleotide sequence of the 
3 '-terminal portion of the primer and the nucleotide 
sequence of the template, amplification from the target 

15 nucleic acid does not take place and no amplification 
product is generated using the above-mentioned chimeric 
oligonucleotide primer for amplification reaction. 
Information concerning a specific base in a gene such as a 
point mutation or a single nucleotide polymorphism (SNP) 

20 can be obtained using the method. 

[0269] The method for detecting a target nucleic acid of 
the present invention can be conducted by amplifying the 
target nucleic acid directly from a sample containing the 
nucleic acid. In this case, the chain length of the target 

25 nucleic acid to be amplified is not limited to a specific 
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one. For example, a region of 200 bp or shorter, 
preferably 150 bp or shorter is effective for sensitive 
detection of the target nucleic acid. The target nucleic 
acid in the sample can be detected with high sensitivity by 
5 designing the chimeric oligonucleotide primers of the 
present invention to result in the chain length to be 
amplified as described above, 

[0270] In addition, a target nucleic acid can be 
detected with more sensitivity even from a trace amount of 

10 a nucleic acid sample in the detection method of the 
present invention by using a reaction buffer containing 
Bicine, Tricine, HEPES, phosphate or tris as a buffering 
component and an annealing solution containing spermidine 
or propylenediamine as exemplified in (4) above. In this 

15 case, the endonuclease and the DNA polymerase to be used 
are not limited to specific ones. For example, a 

combination of an RNase H from Escherichia coli, a 
bacterium of genus Pyrococcus or a bacterium of genus 
Archaeoglobus and BcaBEST DNA polymerase is preferable. It 

20 is considered that the preferable units of the endonuclease 
and the DNA polymerase may vary depending on the types the 
enzymes. In such a case, the composition of the buffer and 
the amount of the enzymes added may be adjusted using the 
increase in detection sensitivity or the amount of 

25 amplification product as an index. 
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[0271] In the detection method of the present invention, 

dUTP may be incorporated as a substrate during 
amplification of a target nucleic acid. Thus, if dUTP is 
used as a substrate, it is possible to prevent carry-over 
5 contamination of amplification products by degrading 
amplification products utilizing uracil N-glycosidase (UNG) . 
[0272] Known methods for detecting a nucleic acid can be 
used for step (b) . Examples of such methods include 
detection of a reaction product having a specific size by 

10 electrophoresis, and detection by hybridization with a 
probe. Furthermore, a detection method in which magnetic 
beads are combined can be preferably used. A fluorescent 
substance such as ethidium bromide is usually used in the 
detection by electrophoresis. The hybridization with a 

15 probe may be combined with the detection by electrophoresis. 
The probe may be labeled with a radioisotope or with a non- 
radioactive substance such as biotin or a fluorescent 
substance. Additionally, use of a labeled nucleotide in 
step (a) may facilitate the detection of amplification 

20 product into which the labeled nucleotide is incorporated, 
or may enhance the signal for detection utilizing the label. 
Furthermore, a fluorescence polarization method, a 
fluorescence energy transition or the like can also be 
utilized for the detection. The target nucleic acid can be 

25 detected automatically or quantified by constructing a 
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suitable detection system. In addition, detection with 
naked eyes by a hybrid chromatography method can be 
preferably used. 

[0273] A ribonucleotide (RNA) probe labeled with two or 
5 more fluorescent substances positioned at a distance that 
results in a quenching state can be used in the detection 
method of the present invention. The probe does not emit 
fluorescence. When it is annealed to a DNA amplified from 
a target nucleic acid that is complementary to the probe, 

10 RNase H digests the probe. The distance between the 
fluorescent substances on the probe then increases, 
resulting in the emission of fluorescence. Thus, the 
emission reveals the presence of the target nucleic acid. 
If RNase H is used in the method for amplifying a nucleic 

15 acid of the present invention, a target nucleic acid can be 
detected only by adding the probe to the reaction mixture. 
For example, a combination of fluorescent substances, 6- 
carboxyf luorescein ( 6-FAM) and N,N, N' , N 1 -tetramethyl-6- 
carboxyrhodamine (TAMRA) , can be preferably used for 

20 labeling the probe. 

[0274] The present invention further provides a probe 
used in the above-mentioned method for detecting a target 
nucleic acid. The probe of the present invention is not 
limited to specific one as long as it can hybridize to a 

25 target nucleic acid amplified by the nucleic acid 
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amplification method of the present invention under normal 
hybridization conditions. In view of specific detection of 
amplification product, a probe that hybridizes under 
conditions, for example, known to those skilled in the art 
5 as being stringent is preferable. The stringent 

hybridization conditons are described in, for example, T. 
Maniatis et al . (eds.), Molecular Cloning: A Laboratory 
Manual 2nd ed., 1989, Cold Spring Harbor Laboratory. 
Specifically, the stringent conditions are exemplified by 

10 the following: incubation at a temperature about 25 °C lower 
than the Tm of the probe to be used for 4 hours to 
overnight in 6 x SSC (1 x SSC: 0.15 M NaCl, 0.015 M sodium 
citrate, pH 7.0) containing 0.5% SDS, 5 x Denhardt T s (0.1% 
bovine serum albumin (BSA) , 0.1% polyvinylpyrrolidone, 0.1% 

15 Ficoll 400) and 100 mg/ml salmon sperm DNA. A probe having 
a label as described above may be used as the probe for 
facilitating the detection of the target nucleic acid. 
[0275] The method for amplifying a nucleic acid under 
isothermal conditions of the present invention does not 

2 0 require the use of an equipment such as a thermal cycler. 

The number of primers used in the amplification method of 
the present invention can be one or two, which is less than 
that used in a conventional method. Since reagents such as 
dNTPs used for PCR and the like can be applied to the 

25 method of the present invention, the running cost can be 
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reduced as compared with a conventional method. Therefore, 
the method of the present invention can be preferably used, 
for example, in a field of genetic test in which the 
detection is routinely conducted. The method of the 
5 present invention provides a greater amount of an 
amplification product in a shorter time than the PCR. 
Therefore, the method of the present invention can be 
utilized as a convenient, rapid and sensitive method for 
detecting a gene. 

10 [0276] In genetic analysis on a genomic level, attempts 
are made to make the reaction system small and to increase 
the degree of integration in order to analyze a large 
amount of nucleotide sequences. An system has been 
developed for this purpose by utilizing the latest 

15 hyperfine processing techniques in which basic processes 
for genome analysis (e.g., extraction of DNA from cells, 
DNA amplification reaction, electrophoresis, hybridization, 
detection of the DNA of interest, etc.) are integrated on a 
microchip of several square centimeters to fingertip size. 

20 Such a system is called as a microchip or a nanochip. 

[0277] Application of the PCR to the system as a gene 
amplification reaction is currently considered. However, 
since the PCRs requires means for repeatedly controlling 
temperature up and down over time, the system would become 

25 complicated. By contrast, since the system can be 
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simplified using the method of the present invention which 
can amplify a nucleic acid under isothermal conditions, the 
method is quite suitably utilized for the integrated system 
as described above. A highly integrated system can be 
5 constructed by utilizing the techniques of the present 
invention. 

[0278] (7) Kit of the present invention 

The present invention provides a kit used for the 
method for amplifying or detecting a nucleic acid of 

10 present invention as described above. In one embodiment, 
the kit is in a packaged form and contains instructions 
regarding the use of a DNA polymerase and an endonuclease 
in a strand displacement reaction. Also, a kit that 
contains a DNA polymerase having a strand displacement 

15 activity, an endonuclease, and a buffer for a strand 
displacement reaction is preferably used for the method of 
the present invention. Alternatively, a commercially 
available DNA polymerase having a strand displacement 
activity and/or endonuclease may be selected and used 

20 according to the instructions. Additionally, the kit may 
contain a reagent for a reverse transcription reaction that 
is used when an RNA is used as a template. The DNA 
polymerase can be selected from the DNA polymerases to be 
used in the present invention as described above in (3) . 

25 The endonuclease can be selected from the endonucleases as 



described above in (2) . One having the reaction buffer 
composition as described above in (4) can be preferably 
used as the buffer for the strand displacement reaction. 
[0279] "Instructions" are printed matters describing a 

method of using the kit, e.g., a method for preparing a 
reagent solution for a strand displacement reaction, 
recommended reaction conditions and the like. The 
instructions include an instruction manual in a form of a 
pamphlet or a leaflet, a label stuck to the kit, and 
description on the surface of the package containing the 
kit. The instructions also include information disclosed 
or provided through electronic media such as the Internet. 
[0280] The kit of the present invention may further 
contain a reaction buffer containing Bicine, Tricine, HEPES, 
phosphate or tris as a buffering component and an annealing 
solution as exemplified in (4) above. Additionally, it may 
contain a DNA polymerase having a strand displacement 
activity and an RNase H. Furthermore, the kit may contain 
a modified deoxyribonucleotide or a deoxynucleotide 
triphosphate analog . 

[0281] The kit used in the method for detecting a target 
nucleic acid may further contain an appropriate chimeric 
oligonucleotide primer for amplifying the target nucleic 
acid and a reagent for detecting the amplified target 
nucleic acid such as a probe in addition to the 
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instructions and the reagents for amplification reaction as 
described above* 

[0282] In addition, the kits of the present invention 
include a kit containing the chimeric oligonucleotide 
5 primer used in the present invention and/or the probe of 
the present invention as described above. 
[0283] (8) Composition of the present invention. 

The present invention provides a composition used 
for the method for amplifying a nucleic acid of the present 

10 invention or the method for detecting a nucleic acid of the 
present invention as described above. For example, the 
composition may contain the endonuclease as described in 
(2) above and the DNA polymerase as described in (3) above. 
The composition may further contain a buffering component, 

15 a magnesium salt, dNTPs and the like as components for 
conducting an amplification reaction. Furthermore, it may 
contain a modified deoxyribonucleotide or a deoxynucleotide 
triphosphate analog. Those as described in (4) above can 
be used as the buffering component and other additives. 

20 [0284] In a particularly preferable aspect, the 
composition may contain suitable amounts of the various 
components as listed above for the nucleic acid 
amplification method of the present invention. 
Amplification reaction can be conducted only by adding an 

25 appropriate template and chimeric oligonucleotide primer (s) 
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to the composition. If the object to be amplified is known 
beforehand, the composition preferably contains chimeric 
oligonucleotide primer (s) suitable for amplifying the 
obj ect . 

5 [0285] (9) Material having immobilized nucleic acid 

arrayed in predefined region of the present invention and 
method for producing the same. 

A DNA chip (also referred to as a DNA microarray 
or a DNA array) is a material having an immobilized nucleic 

10 acid in which various fragments of genes or DNAs are 
arrayed and immobilized in a predefined region or at a 
predefined position on a solid substrate such as a slide 
glass. The DNA chip is used for examining the presence of 
a nucleic acid in a nucleic acid sample that has a sequence 

15 complementary to an arrayed and immobilized DNA in a 
predefined region on the DNA chip. The examination is 
carried out by contacting the DNA chip with the nucleic 
acid sample prepared from a sample, preferably a labeled 
nucleic acid sample, for hybridization. Since the DNA chip 

20 can be used to detect or quantify a number of nucleic acids 
in a sample in one procedure, it is a very useful means 
that dramatically promotes the analysis of gene expression, 
or the analysis of a mutation or polymorphism. A DNA chip 
in which a double-stranded nucleic acid is arrayed and 

25 immobilized in a predefined region is used for 
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hybridization after it is subjected to appropriate 
denaturation. A DNA chip in which a single-stranded DNA 
complementary to a target nucleic acid to be detected is 
arrayed and immobilized in a predefined region is 
5 particularly preferable for the detection of a target 
nucleic acid. 

[0286] As described above, a desired DNA can be 
amplified in a single-stranded form by the method of the 
present invention. Although any method for purifying an 

10 amplification product can be used, purification using 
isopropanol precipitation is preferable. The thus obtained 
DNA, preferably a single-stranded DNA substantially free of 
a complementary strand thereto, can be preferably used as a 
DNA fragment to be immobilized onto a DNA chip. Thus, the 

15 method of the present invention is preferably used as a 
method for preparing a DNA to be arrayed and immobilized in 
a predefined region for producing a DNA chip. Any 
insoluble substrate can be used as a substrate onto which 
the thus obtained DNA is arrayed and immobilized in a 

20 predefined region, but a plate-shaped substrate made from 
glass or plastic, and a membrane-shaped substrate made from 
nitrocellulose or nylon are preferably used. A known 
method for immobilizing a nucleic acid can be used for the 
immobilization. The DNA may be directly immobilized onto a 

25 substrate. Alternatively, the DNA may be immobilized 
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through a suitable linker or after ligating plural DNA 
molecules. Furthermore, since a modified 

deoxyribonucleotide can be incorporated into an amplified 
nucleic acid by the method of the present invention, the 
5 material having an immobilized nucleic acid can be produced 
utilizing the modification group, 

[0287] A target nucleic acid that hybridizes with a 
nucleic acid on a material having an immobilized nucleic 
acid in which a DNA amplified by the method of the present 

10 invention is arrayed and immobilized in a predefined region 
(e.g., a DNA chip) can be detected or quantified. Such 
detection or quantification can be accomplished by 
contacting the material with a nucleic acid sample prepared 
from a sample suspected to contain the target nucleic acid 

15 for hybridization. Among these, a DNA chip in which a 
single-stranded DNA amplified by the method of the present 
invention is arrayed and immobilized in a predefined region 
allows the detection of a target nucleic acid with more 
convenient operation, higher sensitivity and higher 

2 0 reproducibility as compared with a conventional material. 

[0288] (10) Method for producing nucleic acid in large 

quantities of the present invention. 

As described above, one aspect of the present 
invention provides a method for amplifying a nucleic acid 

25 that can be carried out under isothermal conditions. A 
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desired nucleic acid can be produced in the method by 
mixing a nucleic acid as a template for the nucleic acid to 
be amplified and various components required for a reaction 
and reacting the mixture under isothermal conditions. 
5 Since the PCR requires changing the temperature of the 
reaction mixture over time, the reaction volume is limited 
to one in which the temperature can be controlled (usually, 
200 \xl or less) . Therefore, it is difficult to scale up 
the volume. On the other hand, there is no such limitation 

10 in the method of the present invention. A large amount of 
nucleic acid can be produced by increasing the volume of 
the reaction mixture. In the method of the present 
invention, the volume is, for example, preferably more than 
200 more preferably 300 ]il or more, and most preferably 

15 500 pi or more, although it is not intended to limit the 
present invention. In the method of the present invention, 
a number of complementary strand molecules are synthesized 
from one template molecule. Furthermore, nucleic acids can 
be synthesized using these complementary strand molecules 

20 as templates. Thus, a desired nucleic acid can be 
efficiently produced in large quantities by suitably 
selecting the template and the primer. Additionally, the 
fact that, unlike the PCR, the method of the present 
invention does not require a special equipment or a 

2 5 complicated temperature change makes it advantageous in 
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view of the cost of equipment and energy* Therefore, the 
method is an excellent industrial method for producing a 
nucleic acid in large quantities. 

[0289] The nucleic acid of interest can be amplified or 

5 produced even from a trace amount of a nucleic acid as a 
template in the production method of the present invention 
by using the reaction buffer and the annealing solution as 
exemplified in (4) above. In this case, the endonuclease 
and the DNA polymerase to be used are not limited to 

10 specific ones- For example, a combination of an RNase H 
from Escherichia coli and BcaBEST DNA polymerase is 
preferable. It is considered that the preferable units of 
the endonuclease and the DNA polymerase may vary depending 
on the types of the enzymes. In such a case, the 

15 composition of the buffer and the amount of the enzymes 
added may be adjusted using the maximal amount of 
amplification product as an index. 

[0290] Furthermore, the method of the present invention 
is useful as a method for supplying a variety of DNA 

20 fragments in large quantities, such as those to be 
immobilized onto the DNA chip. Specifically, DNA fragments 
can be obtained in large quantities in simple reaction 
steps in one embodiment. In another embodiment, a limited 
number of primers can be used to obtain a variety of DNA 

25 fragments. A step of amplifying the nucleic acid that 
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serves as the template in the method of the present 
invention beforehand by a known nucleic acid amplification 
method such as the PCR can be incorporated in the latter 
embodiment. All kinds of nucleic acids as templates can be 
5 amplified using a limited number of primers, for example, 
based on the method for amplifying a nucleic acid using a 
random primer having a tag seguence (Nucleic Acids Research, 
24 ( 19) : 3778-3783 (1996)) or the degenerate oligonucleot ide- 
primed PCR (DOP-PCR; Genomics, 13:718-725 (1992)), which 

10 uses a degenerate primer. The nucleic acid amplification 
method of the present invention can be conducted using one 
or several primers for all of the nucleic acids as 
templates produced in the above-mentioned step. This can 
be accomplished by designing the primer used in the nucleic 

15 acid amplification method of the present invention such 
that it corresponds to the tag seguence added to the random 
or degenerate primer. Thus, a combination of a suitable 
step for preparing a nucleic acid as a template and the 
method of the present invention can supply a variety of DNA 

20 fragments in larger guantities and at a lower cost as 
compared with a conventional method. 

[0291] A pharmaceutical composition containing a nucleic 
acid may contain a double-stranded DNA for expressing a 
useful polypeptide in a cell or a single-stranded antisense 
25 DNA for suppressing the expression of a gene of interest. 
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Such a nucleic acid is administered into an organism using 
suitable means, for example, a carrier for gene transfer 
such as liposome. The method for producing a nucleic acid 
of the present invention is preferable for producing a 
5 single-stranded or double-stranded nucleic acid for medical 
use in large quantities. Additionally, a nucleic acid 
containing a dNTP analog that, for example, suppresses the 
degradation of the nucleic acid in vivo can be readily 
produced by the method of the present invention. 

10 [0292] Since the DNA fragment amplified in the present 

invention is composed of normal nucleotides, the amplified 
DNA can be, for example, subcloned into a suitable vector 
utilizing a restriction enzyme site in the DNA. 
Furthermore, the DNA can be treated with a restriction 

15 enzyme for RFLP without a problem, for example. Therefore, 
the DNA can be widely utilized in a field of genetic test. 
In addition, a promoter sequence for an RNA polymerase can 
be incorporated into the amplified fragment. The amplified 
fragment can be used as a template to synthesize an RNA, 

20 which can be used as a probe, for example. Of course, a 
fluorescence-labeled DNA probe can be produced by 
conducting the method for amplifying a nucleic acid of the 
present invention using a fluorescence-labeled dNTP instead 
of a normal dNTP. 

25 [0293] Features of the method for amplifying a nucleic 
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acid of the present invention are listed below. 

1 . It can amplify a large amount of a nucleic 
acid from a small amount of a template. The amplification 
product increases quadratically when two primers are used. 
5 2 . It can be conducted isothermally . In this 

case, it does not require the use of an equipment such as a 
thermal cycler. Therefore, the reaction volume can be 
readily scaled up. 

3. Usually, the amplification reaction is 
10 conducted using one or two chimeric oligonucleotide primer 

and two enzymes (a DNA polymerase and an endonuclease) . 

4. Since a number of DNA strands are 
synthesized from one molecule of a primer, the amount of 
the primer does not restrict the amount of the 

15 amplification product. Furthermore, the primer utilization 
efficiency is about 100%, which is very higher than that of 
the PCR. 

5. A single-stranded or double-stranded DNA can 
be selectively amplified depending on the purpose. 

20 6. Since it does not require a dNTP analog such 

as an (a-S) dNTP for the amplification reaction, the cost 
of reagents is low. Furthermore, a nucleic acid in a 
natural form without a dNTP analog can be obtained. 

7. It can supply an amplified DNA fragment at 

25 low cost and in large quantities by combining the method of 
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the present invention with another nucleic acid duplication 
method. 

8. The detection method of the present 
invention has an equal or higher detection sensitivity as 

5 compared with that of a conventional method. The detection 
method of the present invention can be conducted in a 
shorter time than that required for a conventional method 
having the equal sensitivity. 

9. The method is suitable for amplification of 
10 a nucleic acid, automated detection, detection in a small 

amount and highly integrated detection on a microchip or a 
nanochip. 

[0294] As described above, the method of the present 
invention is suitable for detection of a gene and 
15 industrial production of a nucleic acid. 
Examples 

[0295] The following Examples illustrate the present 

invention in more detail, but are not to be construed to 
limit the scope thereof. 

20 [0296] Referential Example 1: Preparation of RNase H 
from thermophile Bacillus caldotenax 

Bacillus caldotenax YT-G (purchased from Deutsche 
Sammlung von Mikroorganismen; DSM406) was inoculated into 
100 ml of a medium containing 0.2% Tryptone (Dif co 

25 Laboratories) and 1.5% yeast extract (Difco Laboratories) 
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(pH 6.5), cultured at 60°C for 140 minutes with shaking and 
used as a pre-culture. 30 ml of the pre-culture was 
inoculated into 3 L of a medium having the same composition 
and cultured with aeration at 2.5 L/minute and stirring at 
5 250 rpm at a temperature of 60 °C for 5 hours. 

[0297] The cells were collected by centrifuging the 
culture at 5000 x g for 15 minutes. 402 g (wet weight) of 
the cells were suspended in 1000 ml of 50 mM tris-HCl 
buffer (pH 7.5) containing 10 mM mercaptoethanol, 0.5 M 
10 NaCl, 1 mM EDTA and 2 0 yM PAPMSF and disrupted using MINI- 
Lab (APV GAULIN/RANNIE) . Cell debris were removed by 
centrifugation to recover a supernatant. 

[0298] A polyethylene imine solution was added to the 
resulting supernatant at a final concentration of 0.1%. 

15 After stirring, the mixture was allowed to stand for 1 hour. 
A supernatant was then recovered by centrifugation. 
Ammonium sulfate was added to the supernatant to 50% 
saturation. A precipitate obtained by centrifugation was 
dissolved in 20 mM tris-HCl buffer (pH 7.5) containing 10 

20 mM mercaptoethanol, 0.1 mM EDTA, 50 mM NaCl and 10% 
glycerol . The solution was dialyzed against the same 
buffer. The dialyzed sample was loaded onto a 280-ml DE52 
column (Whatman) equilibrated with the same buffer and non- 
adsorptive fractions were collected. 

25 [0299] The column was further washed with 420 ml of the 
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buffer used for the equilibration and washing fractions 
were collected. The non-adsorptive fractions and the 
washing fractions from the DE52 column chromatography were 
mixed together and loaded onto a 240-ml P-ll column 
5 (Whatman) equilibrated with 20 mM tris-HCl buffer (pH 7.5) 
containing 10 mM mercaptoethanol , 0.1 mM EDTA, 50 mM NaCl 
and 10% glycerol. Elution was then carried out using the 
equilibration buffer containing 0 to 0.5 M NaCl . 
[0300] The resulting active fractions were placed in a 

10 dialysis tube. The tube was placed on solid polyethylene 
glycol 20000 for dehydration-concentration at 4°C. The 
enzyme concentrate was then loaded onto a 300-ml Superdex 
G-200 column (Amersham Pharmacia Biotech) equilibrated with 
25 mM tris-HCl buffer (pH 7.5) containing 5 mM 

15 mercaptoethanol, 0.5 mM EDTA, 30 mM NaCl and 50% glycerol. 

Elution was carried out using the buffer used for 
equilibration to obtain active fractions. The active 
fractions were loaded onto a 15-ml Heparin-Sepharose column 
(Amersham Pharmacia Biotech) equilibrated with 20 mM tris- 

20 HCl buffer (pH 7.5) containing 10 mM mercaptoethanol, 0.1 
mM EDTA, 50 mM NaCl and 10% glycerol. Elution was carried 
out using the equilibration buffer containing 0 to 0.5 M 
NaCl. 

[0301] The resulting active fractions were loaded onto a 

25 5-ml Hitrap-SP column (Amersham Pharmacia Biotech) 
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equilibrated with 20 mM tris-HCl buffer (pH 7.5) containing 
10 mM mercaptoethanol, 0.1 mM EDTA, 50 mM NaCl and 10% 
glycerol. Elution was carried out using the equilibration 
buffer containing 0 to 0.5 M NaCl. The resulting active 
5 fractions were loaded onto a 300-ml Superdex G-200 column 
(Amersham Pharmacia Biotech) equilibrated with 25 mM tris- 
HCl buffer (pH 7.5) containing 5 mM mercaptoethanol r 0.5 mM 
EDTA, 30 mM NaCl and 50% glycerol again. The resulting 
active fractions were used as an RNase H preparation (an 
10 enzyme solution) . 

[0302] A heat-resistant RNase H activity was measured as 
follows . 

[0303] 1 mg of poly(rA) or poly(dT) (both from Amersham 
Pharmacia Biotech) was dissolved in 1 ml of 40 mM tris-HCl 
15 (pH 7.7) containing 1 mM EDTA to prepare a poly(rA) 

solution and a poly(dT) solution. 

[0304] The poly(rA) solution (to a final concentration 
of 20 p.g/ml) and the poly(dT) solution (to a final 
concentration of 30 ]ig/ml) were then added to 40 mM tris- 
20 HC1 (pH 7.7) containing 4 mM MgCl 2 , 1 mM DTT, 0.003% BSA 
and 4% glycerol. The mixture was reacted at 37 °C for 10 
minutes and then cooled to 4°C at prepare a poly(rA)- 
poly (dT) solution. 

[0305] 1 ]il of an enzyme solution was added to 100 jil of 
25 the poly (rA) -poly (dT) solution. The mixture was reacted at 



40 °C for 10 minutes. 10 \xl of 0.5 M EDTA was added thereto 
to terminate the reaction. Absorbance at 2 60 nm was then 
measured. As a control, 10 ]il of 0.5 M EDTA was added to 
the reaction mixture, the resulting mixture was reacted at 
5 40°C for 10 minutes, and the absorbance was then measured. 
A value (difference in absorbance) was obtained by 
subtracting the absorbance for the control from the 
absorbance for the reaction in the absence of EDTA. Thus, 
the concentration of nucleotide released from poly(rA)- 

10 poly(dT) hybrid by the enzymatic reaction was determined on 
the basis of the difference in absorbance. One unit of an 
RNase H was defined as an amount of enzyme that increases 
A 260 corresponding to release of 1 nmol of ribonucleotide in 
10 minutes calculated according to the following equation. 

15 If a diluted enzyme solution is used, the value obtained 
using the following equation was corrected based on the 
dilution rate: 

Unit = [Difference in Absorbance x Reaction 
Volume (ml) ] / 0.0152 

20 [0306] Referential Example 2: Cloning of Bacillus 
caldotenax RNase HII gene 

(1) Preparation of genomic DNA from Bacillus 

caldotenax 

Bacillus caldotenax YT-G (DSM406) was inoculated 
25 into 60 ml of LB medium (1% Tryptone, 0.5% yeast extract 
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and 0.5% NaCl, pH 7.2) and cultured at 65 °C for 20 hours. 
After culturing, the culture was centrifuged to collect 
cells. The cells were suspended in 2 ml of 25% sucrose and 
50 mM tris-HCl (pH 8.0). 0.2 ml of 10 mg/ml lysozyme 
5 chloride (Nacalai Tesque) in water was added thereto. The 
mixture was reacted at 20 °C for 1 hour. After reaction, 12 
ml of a mixture containing 150 mM NaCl, 1 mM EDTA and 20 mM 
tris-HCl (pH 8.0), 0.1 ml of 20 mg/ml proteinase K (Takara 
Shuzo) and 1 ml of a 10% aqueous solution of sodium lauryl 
10 sulfate were added to the reaction mixture. The mixture 
was incubated at 37°C for 1 hour. 

[0307] 2.1 ml of 5 M NaCl and 2 ml of a CTAB-NaCl 

solution [10% cetyltrimethylammonium bromide (Nacalai 
Tesque) and 0.7 M NaCl] were then added to the mixture and 

15 the resulting mixture was mixed thoroughly and incubated at 
65 °C for 10 minutes. An equal volume of a mixture of 
chlorof orm/isoamyl alcohol (24 : 1, v/v) was added thereto. 
The resulting mixture was gently mixed for 10 minutes and 
then centrifuged for 10 minutes at 10000 x g. After 

2 0 centrifugation, an equal volume of a mixture of phenol 
saturated with 100 mM tris-HCl (pH 8 . 0 ) /chlorof orm/isoamyl 
alcohol (25 : 24: 1, v/v) was added to the resulting 
supernatant. The resulting mixture was gently mixed for 10 
minutes and then centrifuged for 10 minutes at 10000 x g. 

25 After centrifugation, 0.6 volume of 2-propanol was added to 
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the resulting supernatant. The resulting fibrous 

precipitate was wound using a glass bar, washed with 70% 
ethanol in water, air-dried and then dissolved in 0.5 ml of 
TE buffer to obtain a genomic DNA solution. 
5 [0308] (2) Cloning of a middle portion of RNase HII gene 

Oligonucleotides BsuII-3 and BsuII-6 represented 
by SEQ ID NOS:97 and 98 were synthesized on the basis of 
Motif I and Motif 111, portions conserved among amino acid 
sequences of RNase HIIs from various organisms 

10 (Biochemistry, 38:605-608 (1999)). 

[0309] A PCR was carried out in a volume of 100 \il using 
1 \il of the Bacillus caldotenax genomic DNA solution as 
prepared in Referential Example 2-(l) as a template, and 
100 pmol of BsuII-3 and 100 pmol of BsuII-6 as primers. 

15 TaKaRa Taq polymerase (Takara Shuzo) was used as a DNA 
polymerase for the PCR according to the attached protocol. 
The PCR was carried out as follows: 50 cycles of 94 °C for 
30 seconds, 45°C for 30 seconds and 72 °C for 1 minute. 
After reaction, the reaction mixture was subjected to 

20 phenol treatment followed by ethanol precipitation to 
purify a DNA. The resulting DNA was blunt-ended using T4 
DNA polymerase (Takara Shuzo) and then subjected to agarose 
gel electrophoresis to recover an amplified DNA fragment of 
about 0.4 kb from the gel. The about 0.4-kb DNA fragment 

25 was ligated with pUC119 (Takara Shuzo) digested with Sma I 
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(Takara Shuzo) using T4 DNA ligase (Takara Shuzo) . The 
ligation mixture was used to transform Escherichia coli 
JM109. The resulting transf ormants were cultured to obtain 
a plasmid 21-12 into which the about 0.4-kb DNA was 
5 inserted, 

[0310] (3) Cloning of upstream portion of RNase II gene 

The nucleotide sequence of the inserted fragment 
of about 0.4 kb in the plasmid 21-12 obtained in 
Referential Example 2- (2) was determined. Oligonucleotides 
10 RNII-S1 and RNII-S2 represented by SEQ ID NOS:99 and 100 
were synthesized on the basis of the determined nucleotide 
sequence. 

[0311 ] The Bacillus caldotenax genomic DNA as prepared 
in Referential Example 2-(l) was digested with BamHI 

15 (Takara Shuzo) and ligated with a Sau3AI cassette (Takara 
Shuzo) using T4 DNA ligase. A procedure was carried out 
according to the protocol attached to TaKaRa LA PCR in 
vitro cloning kit (Takara Shuzo) using the ligation mixture 
as a template, RNII-S2 as a primer for a primary PCR and 

20 RNII-S1 as a primer for a secondary PCR. A DNA was 
purified from the solution after the secondary PCR by 
phenol extraction followed by ethanol precipitation . The 
DNA was blunt-ended using T4 DNA polymerase and then 
subjected to agarose gel electrophoresis to recover an 

25 amplified DNA fragment of about 1.5 kb from the gel. The 
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about 1.5-kb DNA fragment was ligated with pUC119 digested 
with Sma I using T4 DNA ligase. The ligation mixture was 
used to transform Escherichia coli JM109. 

[0312] The resulting transf ormants were cultured to 
5 obtain a plasmid B25N16 into which the about 1.5-kb DNA was 
inserted. 

[0313] (4) Cloning of the entire RNase II gene 

Oligonucleotides RNII-S5 and RNII-S6 represented 
by SEQ ID NOS:101 and 102 were synthesized on the basis of 
10 the nucleotide sequence of the inserted fragment of about 
0.4 kb in the plasmid 21-12 as determined in Referential 
Example 2- ( 3 ) . 

[0314] A PCR was carried out using the plasmid 21-12 as 
prepared in Referential Example 2- (2) as a template, and 

15 RNII-S5 and RNII-S6 as primers. TaKaRa Ex Taq polymerase 
(Takara Shuzo) was used as a DNA polymerase for the PCR 
according to the attached protocol. The PCR was carried 
out as follows: 25 cycles of 94 °C for 30 seconds, 55°C for 
30 seconds and 72 °C for 30 seconds. After reaction, the 

20 reaction mixture was subjected to agarose gel 
electrophoresis. An amplified DNA fragment of about 0.3 kb 
was recovered from the gel. The about 0.3-kb DNA fragment 
was labeled with digoxigenin using DIG High-prime (Roche 
Diagnostics) . 

25 [0315] Southern Hybridization was carried out for 



digests of the Bacillus caldotenax genomic DNA as prepared 
in Referential Example 2-(l) with Hindlll (Takara Shuzo), 
Sac I (Takara Shuzo) , or Hindi 1 1 and Sad using the 
digoxigenin-labeled DNA as a probe . Hybridization and 
detection were carried out using DIG Luminescent Detection 
Kit (Roche Diagnostics) according to the protocol attached 
thereto. As a result, DNA fragments of about 4.5 kb, about 
5.8 kb and about 1.3 kb were hybridized with the probe for 
the digests with Hindlll, Sad, and Hindi 1 1 and Sad, 
respectively. 

[0316] Based on these results, the Bacillus caldotenax 
genomic DNA was digested with Hindlll and subjected to 
agarose gel electrophoresis to recover DNAs of about 4.5 kb 
from the gel. The resulting DNA fragments were digested 
with SacI and subjected to agarose gel electrophoresis to 
recover DNAs of about 1.3 kb from the gel. The resulting 
DNAs were ligated with pUC19 (Takara Shuzo) digested with 
Hindlll and SacI using T4 DNA ligase. The ligation mixture 
was used to transform Escherichia coli HB101. 
[0317] The resulting transf ormants were replica-plated 
onto Hybond-N™ (Amersham Pharmacia Biotech) . Colony 
hybridization was then carried out using the above- 
mentioned digoxigenin-labeled probe according to a 
conventional method. A plasmid pRHBl was prepared from the 
thus obtained positive clone. 
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[0318] The nucleotide sequence of the DNA inserted into 

pRHBl was then determined. Comparison of the amino acid 
sequence deduced from the nucleotide sequence with the 
amino acid sequence of the RNase HII from Bacillus subtilis 
5 suggested that a region of about 40 bp from the initiation 
codon was missing in the DNA in pRHBl . Then, the full- 
length RNase H gene was constructed as follows. 
[0319] B25N16 as prepared in Referential Example 2- (3) 
was digested with Hindi I I and subjected to agarose gel 

10 electrophoresis to recover a DNA fragment of about 160 bp 
from the gel. The about 160-bp DNA fragment was ligated 
with pRHBl digested with Hindlll using T4 DNA ligase. The 
ligation mixture was used to transform Escherichia coli 
HB101. Plasmids were prepared from the resulting 

15 transf ormants . 

[0320] Next, an oligonucleotide RNII-Nde represented by 
SEQ ID NO: 103 was synthesized on the basis of the presumed 
nucleotide sequence around the initiation codon. PCRs were 
carried out using the plasmids prepared from the 

20 transf ormants as templates, and RNII-Nde and RNII-S6 as 
primers. A plasmid from which a DNA fragment of about 0.7 
kb was amplified was selected and designated as pRHBll. 
[0321] The nucleotide sequence of the DNA fragment 
inserted into the thus obtained plasmid pRHBll was 

25 determined. Analysis of the results revealed an open 
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reading frame presumably encoding RNase HII. This 
nucleotide sequence is shown in SEQ ID NO: 104. The amino 
acid sequence of RNase HII deduced from the nucleotide 
sequence is shown in SEQ ID NO: 105. 
5 [0322] Escherichia coli HB101 transformed with the 
plasmid pRHBll is designated and indicated as Escherichia 
coli JM109/pRHBll, and deposited on September 5, 2000 at 
the International Patent Organism Depositary, National 
Institute of Advanced Industrial Science and Technology 
10 under accession number FERM P-18021. 

[0323] (5) Expression of Bacillus caldotenax RNase HII 

gene 

Escherichia coli HB101 transformed with pRHBll or 
pRHBl was inoculated into 5 ml of LB medium containing 100 

15 ]jg/ml of ampicillin and cultured with shaking at 37 C C 
overnight. After cultivation, cells collected by 

centrif ugation were suspended in 0.5 ml of TE buffer and 
sonicated. A supernatant obtained by centrif ugation was 
used as a cell crude extract. 

20 [0324] 10 mM tris-HCl (pH 8.0), 1 mM dithiothrei tol 

(Nacalai Tesque) , 0.003% bovine serum albumin (fraction V, 
Sigma), 4% glycerol, 20 jig/ml poly(dT) (Amersham Pharmacia 
Biotech) and 30 jig/ml poly(rA) (Amersham Pharmacia Biotech) 
were mixed together. The mixture was incubated at 37 °C for 

25 10 minutes and used as a substrate solution for measuring 
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an RNase H activity, 

[0325] 1 ]il of 1 M MnCl 2 was added to 100 yil of the 
substrate solution. The mixture was incubated at 40 °C. 10 
\il of a 10-fold dilution of the cell crude extract was 
5 added to the mixture to initiate a reaction. After 
reacting at 40°C for 30 minutes, 10 \xl of 0.5 M EDTA was 
added thereto to terminate the reaction. Absorbance at 2 60 
nm was then measured. As a result, the absorbance at 260 
ran from a reaction in which a cell crude extract prepared 

10 from Escherichia coli HB101 harboring pRHBll was used was 
clearly higher than that from a reaction in which a cell 
crude extract prepared from Escherichia coli HB101 
harboring pRHBl was used. Thus, it was demonstrated that 
pRHBll contained an RNase H gene and that Escherichia coli 

15 harboring pRHBll expressed an RNase H activity. 

[0326] (6) Preparation of purified RNase HII preparation 

Escherichia coli HB101 transformed with pRHBll 
obtained in Referential Example 2- (4) was inoculated into 1 
L of LB medium containing 100 y.g/ml of ampicillin and 

20 cultured with shaking at 37 °C for 16 hours. After 
cultivation, cells collected by centrif ugation were 
suspended in 52.3 ml of a sonication buffer [50 mM tris-HCl 
(pH 8.0), 2 mM 2-mercaptoethanol, 10% glycerol, 2 mM 
phenylmethanesulf onyl fluoride] and sonicated. A 

25 supernatant obtained by centrifuging the sonicated 
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suspension at 12000 rpm for 10 minutes was heated at 60 °C 
for 15 minutes. It was then centrifuged at 12000 rpm for 
10 minutes again to collect a supernatant. Thus, 50.0 ml 
of a heated supernatant was obtained. 
5 [0327] The solution was subjected to RESOURSE Q column 

(Amersham Pharmacia Biotech) equilibrated with Buffer C [50 
O mM tris-HCl (pH 8.0), 2 mM 2-mercaptoethanol, 10% glycerol] 

and chromatographed using FPLC system (Amersham Pharmacia 
f : Biotech) . As a result, RNase HII flowed through the 

Jjj 10 RESOURSE Q column. 51 ml of the flow-through RNase HII 
;L fraction was subjected to RESOURSE S column (Amersham 

IS: Pharmacia Biotech) equilibrated with Buffer C and eluted 

51 with a linear gradient of 0 to 500 mM NaCl using FPLC 

;r ~ system. A fraction containing RNase II eluted with about 

15 240 mM NaCl was obtained. 3.0 ml of the RNase II fraction 
was subjected in two portions to PD-10 column (Amersham 
Pharmacia Biotech) equilibrated with Buffer C containing 50 
mM NaCl. 7.0 ml the resulting eluate was subjected to 
HiTrap-heparin column (Amersham Pharmacia Biotech) 
20 equilibrated with Buffer C containing 50 mM NaCl and eluted 
with a linear gradient of 50 to 550 mM NaCl using FPLC 
system. A fraction containing RNase II eluted with about 
310 mM NaCl was obtained. 4.4 ml of the RNase II fraction 
was concentrated by ultrafiltration using Centricon-10 
25 (Amicon) . 280 yl of the concentrate was subjected to 
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Superdex 200 gel filtration column (Amershaia Pharmacia 
Biotech) equilibrated with 50 mM tris-HCl (pH 8.0) 
containing 100 mM NaCl and 0.1 mM EDTA and eluted with the 
same buffer. As a result, RNase HII was eluted at a 
5 position corresponding to a molecular weight of 35 
kilodalton . This molecular weight corresponds to that of 
RNase HII in a form of a monomer. The thus eluted RNase 
HII was used as Bca RNase HII preparation. 

[0328] The enzymatic activity of the thus obtained Bca 
10 RNase HII preparation was measured as follows. 

[0329] 100 pi of a reaction mixture [20 mM HE PES - 

potassium hydroxide (pH 7.8), 0.01% bovine serum albumin 
(Takara Shuzo) , 1% dimethyl sulfoxide, 10 mM manganese 
chloride, 20 ug/ml poly(dT) (Amersham Pharmacia Biotech), 
15 30 jag/ml poly(rA) (Amersham Pharmacia Biotech)] which had 
been incubated at 40 °C was added to 1 ]il of the Bca RNase 
HII preparation. The mixture was reacted at 40 °C for 10 
minutes. The reaction was then terminated by adding 10 ]il 
of 0.5 M EDTA (pH 8.0). Absorbance at 260 nm was then 
20 measured. 

[0330] As a result, an RNase H activity was observed for 
the Bca RNase HII preparation. 

[0331] Referential Example 3: Cloning of Bacillus 
caldotenax RNase HIII gene 
25 (1) Cloning of fragment of RNase HIII gene 
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Primers BsuIII-1, BsuIII-3, BsuIII-6 and BsuIII-8 
represented by SEQ ID NOS: 106-109 for screening a gene 
encoding RNase HIII were synthesized based on the amino 
acid sequences of regions well conserved among Bacillus 
5 subtilis and other organisms determined on the basis of the 
homology among the amino acid sequences of RNase Hills from 
Bacillus subtilis [Biochemistry, 38:605-608 (1999)] and 
other organisms . 

[0332] A first PCR was carried out in a volume of 50 \il 

10 . using 200 ng of the Bacillus caldotenax genomic DNA as 
prepared in Referential Example 2-(l) as a template, and 
100 pmol of BsuIII-1 and 100 pmol of BsuIII-8 as primers. 
A second PCR was then carried out in a volume of 100 p.1 
using 1 yil of the reaction mixture as a template, and 100 

15 pmol of BsuIII-3 and 100 pmol of BsuIII-6 as primers. 

TaKaRa Taq polymerase (Takara Shuzo) was used as a DNA 
polymerase for the two PCRs according to the attached 
protocol. The PCRs were carried out as follows: 25 (the 
first PCR) or 30 (the second PCR) cycles of 94 °C for 30 

20 seconds, 45 °C for 30 seconds and 72 °C for 1 minute. 

[0333] An amplified DNA fragment of about 450 bp was 
blunt-ended using T4 DNA polymerase (Takara Shuzo) and then 
subjected to agarose gel electrophoresis to recover the 
amplified DNA fragment of about 4 50 bp . The about 4 50-bp 

25 DNA fragment was ligated with pUC119 (Takara Shuzo) 
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digested with Sma I (Takara Shuzo) using T4 DNA ligase 
(Takara Shuzo) . The ligation mixture was used to transform 
Escherichia coli JM109. The resulting transf ormants were 
cultured to obtain a plasmid pBCA3204 into which the about 
5 450-bp DNA fragment was inserted. 

[0334] (2) Cloning of RNase HIII gene using Southern 

Hybridization method 

The nucleotide sequence of the DNA fragment 
inserted in pBCA3204 obtained in Referential Example 3-(l) 

10 was determined. Primers RNIII-S3 and BcaRNIII-3 

represented by SEQ ID NOS:110 and 111 were synthesized on 
the basis of the determined nucleotide sequence* A PCR was 
carried out in a volume of 100 \il using RNIII-S3 and 
BcaRNIII-3 as primers and pBCA3204 as a template. TaKaRa 

15 Z-Taq (Takara Shuzo) was used as a DNA polymerase for the 
PCR according to the attached protocol. The PCR was 
carried out as follows; 30 cycles of 98 °C for 0 second, 
55 °C for 0 second and 72 °C for 20 seconds. After reaction, 
the reaction mixture was subjected to phenol-chloroform 

20 extraction, ethanol precipitation and agarose gel 
electrophoresis to recover a DNA fragment of about 0.4 kb 
from the gel. The about 0.4-kb DNA fragment was labeled 
using DIG DNA Labeling Kit (Boehringer Mannheim) to prepare 
a probe. 

25 [0335] 20 \ig of the Bacillus caldotenax genomic DNA 




154 

prepared in Referential Example 2-(l) was completely 
digested with BamHI, EcoRI, Hindlll, PstI or Xbal (all from 
Takara Shuzo) . The half of each of the digests was then 
subjected to agarose gel electrophoresis. The DNAs were 
5 transferred from the agarose gel to a nylon membrane using 
0.4 N sodium hydroxide and fixed at 120 °C for 30 minutes. 
The membrane was pre-incubated in a sealed bag containing 
30 ml of a hybridization buffer [43.4 g/L sodium chloride, 
17.6 g/L sodium citrate, 1% blocking agent (Boehringer 
10 Mannheim), 0.1% N-lauroyl sarcosine, 0.02% sodium lauryl 
sulfate (SDS) ] at 60°C for 4 hours and then incubated in a 
sealed bag containing 5 ml of a hybridization buffer 
containing the probe at 60 °C for 16 hours. 

[0336] The membrane was washed twice in 50 ml of 2 x SSC 

15 (17.5 g/L NaCl, 8.8 g/L sodium citrate) containing 0.1% SDS 
at room temperature, and twice in 50 ml of 0 . 5 x SSC (4.3 
g/L sodium chloride, 1.9 g/L sodium citrate) containing 
0.1% SDS at 45 °C. Then, an EcoRI fragment of about 8 kb, a 
PstI fragment of about 4.5 kb and a Hindi 1 1 fragment of 
2 0 about 1 kb which have sequences complementary to the probe 
were detected using DIG nucleic acid detection kit 
(Boehringer Mannheim) . 

[0337] The remaining half of the Bacillus caldotenax 
genomic DNA completely digested with PstI was subjected to 
25 agarose gel electrophoresis. PstI fragments of about 4.5 
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kb were recovered from the gel. The DNA fragments were 
then ligated with a plasmid vector pTV119N, which had been 
digested with PstI and dephosphorylated with alkaline 
phosphatase (Takara Shuzo) . The ligation mixture was used 
5 to transform Escherichia coli JM109. 

[0338] A PCR was carried out in a volume of 50 p.1 using 
RNIII-S3 and BcaRNIII-3 as primers, and one of the colonies 
as a template to select a colony presumably harboring an 
RNase HIII gene. TaKaRa-Z Taq (Takara Shuzo) was used for 
10 the PCR according to the attached protocol. The PCR was 
carried out as follows: 30 cycles of 98 °C for 0 second, 
55°C for 0 second and 72°C for 20 seconds. As a result, it 
was found that the gene of interest was contained in the 
colony No . 88 . 

15 [0339] A PCR was carried out using a plasmid prepared 
from the colony No. 8 8 as a template, and a primer pair RN- 
N (Takara Shuzo) and BcaRNIII-3 or a primer pair M4 (Takara 
Shuzo) and RNIII-S3 to examine whether or not the entire 
RNase HIII gene was contained in the plasmid. As a result, 

20 it was found that the entire RNase HIII gene was contained 
in the plasmid, which was designated as pBCA3P88. 
[0340] ( 3 ) Determination of nucleotide sequence of DNA 

fragment containing RNase HIII gene 

The nucleotide sequence of the DNA fragment 

25 inserted into the plasmid pBCA3P88 obtained in Referential 
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Example 3- (2) was determined according to a dideoxy method. 
[0341] Analysis of the determined nucleotide sequence 
revealed the existence of an open reading frame encoding an 
amino acid sequence including the N-terminal amino acid 
5 sequence of RNase HIII. The nucleotide sequence of the 
open reading frame and the amino acid sequence of RNase 
HIII deduced from the nucleotide sequence are shown in SEQ 
ID NO: 112 and SEQ ID NO: 113, respectively. 

[0342] (4) Construction of plasmid for expressing RNase 

10 HIII 

A PCR was carried out in a volume of 100 pi using 
the plasmid pBCA3P88 as described in Referential Example 3- 
(2) as a template, BcaRNIIINde represented by SEQ ID NO: 114 
designed with reference to the sequence around the above- 

15 mentioned open reading frame for RNase HIII and M13 primer 
M4 (Takara Shuzo) . Pyrobest DNA polymerase (Takara Shuzo) 
was used as a DNA polymerase for the PCR according to the 
attached protocol. The PCR was carried out as follows: 30 
cycles of 94°C for 30 seconds, 55°C for 30 seconds and 72°C 

2 0 for 3 minutes. An amplified DNA fragment of about 4 kb was 
digested with Ndel (Takara Shuzo) and subjected to agarose 
gel electrophoresis to recover an Ndel fragment of about 
1.4 kb from the gel. The about 1.4-kb DNA fragment was 
ligated with pTV119Nd (a plasmid in which the Ncol site in 

25 pTV119N is converted into a Ndel site) which had been 




157 

digested with Ndel and dephosphorylated with alkaline 
phosphatase (Takara Shuzo) . The ligation mixture was used 
to transform Escherichia coli JM109. 

[0343] Next, a PCR was carried out in a volume of 50 pi 
5 using one of the colonies as a template, and RN-N (Takara 
Shuzo ) and BcaRNI I 1-3 as primers in order to screen for a 
plasmid in which the RNase HI 1 1 gene in the Ndel fragment 
was linked downstream from the lac promoter in the vector 
pTV119Nd. A colony presumably harboring the RNase HIII 

10 gene was then selected. TaKaRa-Z Taq (Takara Shuzo) was 
used as a DNA polymerase for the PCR according to the 
attached protocol. The PCR was carried out as follows: 30 
cycles of 98°C for 0 second, 55°C for 0 second and 72°C for 
20 seconds. As a result, it was found that the colony No. 

15 2 contained a plasmid in which the RNase HIII gene in the 
Ndel fragment was linked downstream from the lac promoter 
in the vector pTV119Nd. This plasmid was designated as 
pBCA3Nd2 . 

[0344] The determination of the nucleotide sequence of 
20 the DNA fragment inserted into the plasmid by a dideoxy 
method revealed that there was no mutation due to the PCR 
except that the initiation codon GTG was changed to ATG. 
[0345] Escherichia coli JM109 transformed with the 
plasmid pBCA3Nd2 is designated and indicated as Escherichia 
25 coli JM109/pBCA3Nd2, and deposited on September 5, 2000 at 
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the International Patent Organism Depositary, National 
Institute of Advanced Industrial Science and Technology 
under accession number FERM P-18019. 

[0346] (5) Preparation of purified RNase HIII 

5 preparation 

Escherichia coli JM109 transformed with pBCA3Nd2 
obtained in Referential Example 3- (4) was inoculated into 2 
L of LB medium containing 100 ug/ml of ampicillin and 
cultured with shaking at 37 °C for 16 hours. After 

10 cultivation, cells collected by centrif ugation were 
suspended in 39.6 ml of a sonication buffer [50 mM tris-HCl 
(pH 8.0), 1 mM EDTA, 2 mM phenylmethanesulf onyl fluoride] 
and sonicated. A supernatant obtained by centrifuging the 
sonicated suspension at 12000 rpm for 10 minutes was heated 

15 at 60 °C for 15 minutes. It was then centrifuged at 12000 
rpm for 10 minutes again to collect a supernatant. Thus, 
39.8 ml of a heated supernatant was obtained. 
[0347] The heated supernatant was subjected to RESOURSE 

Q column (Amersham Pharmacia Biotech) equilibrated with 

20 Buffer A [50 mM tris-HCl (pH 8.0), 1 mM EDTA] and 
chromatographed using FPLC system (Amersham Pharmacia 
Biotech) . As a result, RNase HIII flowed through the 
RESOURSE Q column. 

[0348] 45 ml of the flow-through RNase HIII fraction was 
25 dialyzed against 2 L of Buffer B [50 mM tris-HCl (pH 7.0), 
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1 mM EDTA] for 2 hours. The dialysis was repeated for two 
more times under the same conditions. 55.8 ml of the 
dialyzed enzyme solution was subjected to RESOURSE S column 
(Amersham Pharmacia Biotech) equilibrated with Buffer B and 
5 eluted with a linear gradient of 0 to 500 mM NaCl using 
FPLC system. A fraction containing RNase HIII eluted with 
about 105 mM NaCl was obtained. 

[0349] Buffer B containing 1 M NaCl was added to 7.0 ml 

of the fraction to make the NaCl concentration to 150 mM. 
10 The mixture was subjected to HiTrap-heparin column 
(Amersham Pharmacia Biotech) equilibrated with Buffer B 
containing 150 mM NaCl. As a result, RNase HIII flowed 
through the HiTrap-heparin column. 

[0350] 7.5 ml of the flow- through RNase HIII fraction 
15 was concentrated by ultrafiltration using Centricon-10 
(Amicon) . 190 ]il of the concentrate was subjected to 
Superdex 200 gel filtration column (Amersham Pharmacia 
Biotech) equilibrated with 50 mM tris-HCl (pH 7.0) 
containing 100 mM NaCl and 0.1 mM EDTA and eluted with the 
20 same buffer. As a result, RNase HIII was eluted at a 
position corresponding to a molecular weight of 33 
kilodalton . This molecular weight corresponds to that of 
RNase HIII in a form of a monomer. 

[0351] The thus eluted RNase HIII was used as Bca RNase 

25 HIII preparation. 
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[0352] The enzymatic activity of the thus obtained Bca 
RNase HIII preparation was measured as follows. 
[0353] 100 ill of a reaction mixture [20 mM HEPES- 

potassium hydroxide (pH 7.8), 0.01% bovine serum albumin 
5 (Takara Shuzo) , 1% dimethyl sulfoxide, 4 mM magnesium 
acetate, 20 pg/ml poly(dT) (Amersham Pharmacia Biotech), 30 
jj.g/m.1 poly(rA) (Amersham Pharmacia Biotech)] which had been 
incubated at 40 °C was added to 1 ]jl of the Bca RNase HIII 
preparation. The mixture was reacted at 40 °C for 10 
10 minutes. The reaction was terminated by adding 10 yl of 
0.5 M EDTA (pH 8.0). Absorbance at 2 60 nm was then 
measured. As a result, an RNase H activity was observed 
for the Bca RNase HIII preparation. 

[0354] Referential Example 4: Cloning of Pyrococcus 
15 furiosus RNase HII gene 

(1) Preparation of genomic DNA from Pyrococcus 

furiosus 

2 L of a medium containing 1% Tryptone (Difco 
Laboratories), 0.5% yeast extract (Difco Laboratories), 1% 
20 soluble starch (Nacalai Tesque) , 3.5% Jamarine S Solid 
(Jamarine Laboratory), 0.5% Jamarine S Liquid (Jamarine 
Laboratory), 0.003% MgS0 4 , 0.001% NaCl, 0.0001% FeS0 4 ■ 7H 2 0, 
0.0001% CoS0 4 , 0.0001% CaCl 2 • 7H 2 0, 0.0001% ZnS0 4 , 0.1 ppm 
CuS0 4 ■ 5H 2 0, 0.1 ppm KA1(S0 4 ) 2 , 0.1 ppm H 3 B0 4 , 0.1 ppm 
25 Na 2 Mo0 4 • 2H 2 0 and 0.25 ppm NiCl 2 ■ 6H 2 0 was placed in a 2 L 
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medium bottle, sterilized at 120 °C for 20 minutes, bubbled 
with nitrogen gas to remove dissolved oxygen, then 
Pyrococcus furiosus (purchased from Deutsche Sammlung von 
Mikroorganismen; DSM3 638) was inoculated into the medium 
5 and cultured at 95 °C for 16 hours without shaking * After 
cultivation, cells were collected by centrifugation. 
[0355] The resulting cells were then suspended in 4 ml 
of 25% sucrose, 50 mM tris-HCl (pH 8.0) . 0.4 ml of 10 
mg/ml lysozyme chloride (Nacalai Tesque) in water was added 

10 thereto. The mixture was reacted at 20°C for 1 hour. 

After reaction, 24 ml of a mixture containing 150 mM NaCl, 
1 mM EDTA and 20 mM tris-HCl (pH 8.0), 0.2 ml of 20 mg/ml 
proteinase K (Takara Shuzo) and 2 ml of 10% aqueous 
solution of sodium lauryl sulfate and were added to the 

15 reaction mixture. The mixture was incubated at 37 °C for 1 
hour. After reaction, the mixture was subjected to phenol- 
chloroform extraction followed by ethanol precipitation to 
prepare about 1 mg of genomic DNA. 
[0356] (2) Cloning of RNase HII gene 

20 The entire genomic sequence of Pyrococcus 

horikoshii was published [DNA Research, 5:55-76 (1998)]. 
The existence of a gene encoding a homologue of RNase HII 
(PH1650) in the genome was known (SEQ ID NO: 115, the home 
page of National Institute of Technology and Evaluation, 

25 Ministry of International Trade and Industry of Japan: 
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http : //www/nite . go . jp/) . 

[0357] Homology between the PHI 650 gene and the 
partially published genomic sequence of Pyrococcus furiosus 
(the home page of University of Utah, Utah Genome Center: 
5 http://www.genome.utah.edu/sequence.html) was searched. As 
a result, a highly homologous sequence was found. Primers 
1650Nde (SEQ ID NO: 116) and 1650Bam (SEQ ID NO: 117) were 
synthesized on the basis of the homologous sequence. 
[0358] A PCR was carried out in a volume of 100 \il using 

10 200 ng of the Pyrococcus furiosus genomic DNA obtained in 
Referential Example 4-(l) as a template, and 20 pmol of 
165 0Nde and 2 0 pmol of 1650Bam as primers . TaKaRa Ex Taq 
(Takara Shuzo) was used as a DNA polymerase for the PCR 
according to the attached protocol. The PCR was carried 

15 out as follows: 30 cycles of 94 °C for 30 seconds, 55 °C for 
30 seconds and 72 °C for 1 minute. An amplified DNA 
fragment of about 0.7 kb was digested with Ndel and BamHI 
(both from Takara Shuzo) . The resulting DNA fragment was 
inserted between the Ndel site and the BamHI site in a 

20 plasmid vector pET3a (Novagen) to make a plasmid pPFU220. 

[0359] (3) Determination of nucleotide sequence of DNA 

fragment containing RNase HI I gene 

The nucleotide sequence of the DNA fragment 
inserted into pPFU220 obtained in Referential Example 4- (2) 

25 was determined according to a dideoxy method. 
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[0360] Analysis of the determined nucleotide sequence 
revealed the existence of an open reading frame presumably 
encoding RNase HI I. The nucleotide sequence of the open 
reading frame is shown in SEQ ID NO: 118. The amino acid 
5 sequence of RNase HII deduced from the nucleotide sequence 
is shown in SEQ ID NO: 119. 

[0361] Escherichia coli JM109 transformed with the 
plasmid pPFU220 is designated and indicated as Escherichia 
coli JM109/pPFU220, and deposited on September 5, 2000 at 
10 the International Patent Organism Depositary, National 
Institute of Advanced Industrial Science and Technology 
under accession number FERM P-18020. 

[0362] (4) Preparation of purified RNase HII preparation 

Escherichia coli HMS174(DE3) (Novagen) was 

15 transformed with pPFU220 obtained in Referential Example 4- 
(2). The resulting Escherichia coli HMS174(DE3) harboring 
pPFU220 was inoculated into 2 L of LB medium containing 100 
p.g/m.1 of ampicillin and cultured with shaking at 37 °C for 
16 hours. After cultivation, cells collected by 

20 centrifugation were suspended in 66.0 ml of a sonication 
buffer [50 mM tris-HCl (pH 8.0), 1 mM EDTA, 2 mM 
phenylmethanesulf onyl fluoride] and sonicated. A 
supernatant obtained by centrifuging the sonicated 
suspension at 12 000 rpm for 10 minutes was heated at 60 ° C 

25 for 15 minutes. It was then centrifuged at 12000 rpm for 
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10 minutes again to collect a supernatant. Thus, 61.5 ml 
of a heated supernatant was obtained* 

[0363] The heated supernatant was subjected to RESOURSE 
Q column (Amersham Pharmacia Biotech) equilibrated with 
5 Buffer A [50 mM tris-HCl (pH 8.0), 1 mM EDTA] and 
chromatographed using FPLC system (Amersham Pharmacia 
Biotech) . As a result, RNase HII flowed through the 
RESOURSE Q column. 

[0364] 60.0 ml of the flow-through RNase HII fraction 

10 was subjected to RESOURSE S column (Amersham Pharmacia 
Biotech) equilibrated with Buffer A and eluted with a 
linear gradient of 0 to 50 0 mM NaCl using FPLC system. A 
fraction containing RNase HII eluted with about 150 mM NaCl 
was obtained. 2.0 ml of the RNase HII fraction was 
15 concentrated by ultrafiltration using Centricon-10 (Amicon) . 
250 yl of the concentrate was subjected to Superdex 2 00 gel 
filtration column (Amersham Pharmacia Biotech) equilibrated 
with 50 mM tris-HCl (pH 8.0) containing 100 mM NaCl and 0.1 
mM EDTA and eluted with the same buffer. As a result, 
20 RNase HII was eluted at a position corresponding to a 
molecular weight of 17 kilodalton. This molecular weight 
corresponds to that of RNase HII in a form of a monomer. 
[0365] The thus eluted RNase HII was used as Pfu RNase 
HII preparation . 

25 [0366] The enzymatic activity of the thus obtained Pfu 
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RNase HII preparation was measured as described in 
Referential Example 3- (5). As a result, an RNase H 
activity was observed for the Pfu RNase HII preparation. 
[0367] Referential Example 5: Cloning of Thermotoga 
5 maritima RNase HII gene 

(1) Preparation of genomic DNA from Thermotoga 

maritima 

2 L of a medium containing 1% Tryptone, 0.5% 
yeast extract, 1% soluble starch, 3.5% Jamarine S Solid, 

10 0.5% Jamarine S Liquid, 0.003% MgS0 4 , 0.001% NaCl, 0.0001% 
FeS0 4 • 7H 2 0, 0.0001% CoS0 4 , 0.0001% CaCl 2 • 7H 2 0, 0. 0001% ZnS0 4 , 
0.1 ppm CuS0 4 • 5H 2 0, 0.1 ppm KA1(S0 4 ) 2 , 0.1 ppm H 3 B0 3 , 0.1 
ppm Na 2 Mo0 4 * 2H 2 0 and 0.2 5 ppm NiCl 2 ■ 6H 2 0 was placed in a 2 
L medium bottle, sterilized at 120 0 C for 20 minutes, 

15 bubbled with nitrogen gas to remove dissolved oxygen, then 
Thermotoga maritima (purchased from Deutsche Sammlung von 
Mikroorganismen und Zellkulturen GmbH; DSM3109) was 
inoculated into the medium and cultured at 85 °C for 16 
hours without shaking. 

20 [0368] Cells collected by centrifugation from 300 ml of 
the culture were then suspended in 3 ml of TE buffer [10 inM 
tris-HCl (pH 7.5), 1 mM EDTA] . 150 jjl of 10% aqueous 
solution of sodium lauryl sulfate (Nacalai Tesque) and 15 
111 of 20 mg/ml proteinase K (Takara Shuzo) were added 

25 thereto. The mixture was incubated at 37 °C for 1 hour. 
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After reaction, 0.5 ml of 5 M NaCl was added to the mixture. 
After thoroughly mixing, 0.4 ml of a CTAB-NaCl solution 
[10% cetyltrimethylammonium bromide (Nacalai Tesque) , 0.7 M 
NaCl] was added to the mixture. After thoroughly mixing, 
5 the mixture was incubated at 65 °C for 10 minutes. 1.5 ml 
of a mixture of chlorof orm/isoamyl alcohol (24:1, v/v) was 
added thereto. The mixture was gently mixed for 10 minutes 
and centrifuged at 20000 x g for 5 minutes. After 
centrif ugation, an equal volume of a mixture of phenol 

10 saturated with 100 niM tris-HCl (pH 8 . 0 ) /chlorof orm/isoamyl 
alcohol (25:24:1, v/v) was added to the resulting 
supernatant. The mixture was gently mixed for 10 minutes 
and then centrifuged at 20000 x g for 5 minutes. After 
centrif ugation, 0.6 volume of 2-propanol was added to the 

15 supernatant. The precipitate obtained by centrif ugation at 
10000 x g for 5 minutes was washed with 70% ethanol in 
water, air-dried and then dissolved in 200 ]xl of TE to 
obtain a genomic DNA solution. 
[0369] (2) Cloning of RNase HII gene 

20 Oligonucleotides 915-F1, 915-F2, 915-R1 and 915- 

R2 represented by SEQ ID NOS: 120-123 were synthesized on 
the basis of the nucleotide sequence of a portion that had 
been identified as an RNase HII gene in the nucleotide 
sequence of the genomic DNA of Thermo toga maritima 

25 (http : //www . tigr . org/tdb/CMR/btm/htmls/SplashPage . html ) in 
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order to obtain an amplified DNA fragment containing an 
RNase H gene by carrying out a PCR using the Thermotoga 
maritima genomic DNA as a template, 

[0370] PCRs were carried out using the Thermotoga 
5 maritima genomic DNA as prepared in Referential Example 5- 
(1) as a template, and 915-F1 and 915-R1, 915-F1 and 915-R2, 
915-F2 and 915-R1, or 915-F2 and 915-R2 as a primer pair. 
TaKaRa Ex Taq was used as a DNA polymerase for the PCRs 
according to the attached protocol. The PCRs were carried 

10 out as follows: 25 cycles of 95°C for 0.5 minute, 55°C for 
• 0.5 minute and 72 °C for 1.5 minute. After reactions, the 
respective PCR products were subjected to agarose gel 
electrophoresis to extract and purify amplified DNA 
fragments of about 0.7 kb . The DNAs amplified using a 

15 primer pair 915-F1 and 915-R1 or 915-F1 and 915-R2 were 
digested with Hindlll and Xbal (both from Takara Shuzo) and 
ligated with pUC19 digested with Hindi I I and Xbal using T4 
DNA ligase. The ligation mixture was used to transform 
Escherichia coli JM109 . The resulting transf ormants were 

20 cultured to prepare plasmid DNAs into which the about 0.7- 
kb DNAs were inserted. As a result, plasmids No. 1 and No. 
2 having DNAs amplified using 915-F1 and 915-R1, and 
plasmids No. 3 and No. 4 having DNAs amplified using 915-F1 
and 915-R2 were obtained. 

25 [0371] In addition, the DNAs amplified using a primer 
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pair 915-F2 and 915-R1 or 915-F2 and 915-R2 were doubly 
digested with Ncol (Takara Shuzo) and Xbal and ligated with 
pTV119N (Takara Shuzo) doubly digested with Ncol and Xbal 
using T4 DNA ligase. The ligation mixture was used to 
5 transform Escherichia coli JM109. 

[0372] The resulting transf ormants were cultured to 
prepare plasmid DNAs into which the about 0.7-kb DNAs were 
inserted. As a result, plasmids No. 5 and No. 6 having 
DNAs amplified using 915-F2 and 915-R1, and a plasmid No. 7 
10 having a DNA amplified using 915-F2 and 915-R2 were 
obtained. 

[0373] Escherichia coli JM109 transformed with the 
plasmid No. 7 is designated and indicated as Escherichia 
coli JM10 9/pTM-RNH, and deposited on September 5, 2000 at 
15 the International Patent Organism Depositary, National 
Institute of Advanced Industrial Science and Technology 
under accession number FERM P-18018. 

[0374] (3) Expression of Thermotoga maritima RNase HII 

gene 

20 Escherichia coli JM109 transformed with one of 

the plasmids No. 1 to 7 or pUC19 was inoculated into 5 ml 
of LB medium (10 g/L Tryptone, 5 g/L yeast extract, 5 g/L 
NaCl, pH 7.2) containing 100 yg/ml of ampicillin and 
cultured with shaking at 37 °C. When the absorbance at 660 

25 nm reached 0.5, isopropyl-p-D-thiogalactopyranoside was 
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added thereto to a final concentration of 1 mM and the 
cells were cultured overnight. After cultivation, cells 
collected by centrifugation were suspended in 1 ml of TE 
buffer and sonicated. The sonicated suspension was heated 
5 at 80 °C for 10 minute. A supernatant obtained by 
centrifugation was used as a cell crude extract. 
Absorbance was measured using the cell crude extract as 
described in Referential Example 2- (5). As a result, when 
reactions were carried out in the presence of MnCl 2/ the 

10 absorbance at 2 60 nm from each of the reactions in which 
cell crude extracts prepared from Escherichia coli JM109 
harboring the plasmid No. 3, 5, 6 or 7 were used was 
clearly higher than that from a reaction in which a crude 
extract prepared from Escherichia coli JM109 harboring 

15 pUC19 was used. Thus, it was demonstrated that the 
plasmids No. 3, 5, 6 and 7 contained RNase H genes and that 
Escherichia coli harboring one of these plasmids expressed 
an RNase H activity. 

[0375] The partial nucleotide sequences of the DNA 
20 fragments inserted into the plasmids which were 
demonstrated to express RNase activities in Escherichia 
coli as described above were determined. Analysis of the 
determined nucleotide sequences revealed an open reading 
frame presumably encoding RNase HII. The nucleotide 
25 sequence of the open reading frame is shown in SEQ ID 
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NO: 232. The amino acid sequence of RNase HII deduced from 
the nucleotide sequence is shown in SEQ ID NO: 233. Then, 
it was found that one base substitution that was presumably 
generated upon the PCR was observed in a portion of the 
5 nucleotide sequence of the DNA fragment inserted in the 
plasmid No. 7 , resulting in the change in the encoded amino 
acid residue. 

[0376] (4) Preparation of purified RNase HII preparation 

Escherichia coli JM109 was transformed with pTM- 

10 RNH obtained in Referential Example 5- (2). The resulting 
Escherichia coli JM109 harboring pTM-RNH was inoculated 
into 1 L of LB medium containing 100 jig/ml of ampicillin 
and cultured with shaking at 37 °C for 16 hours. After 
cultivation, cells collected by centrif ugation were 

15 suspended in 31.0 ml of a sonication buffer [50 mM tris-HCl 
(pH 8.0), 2 mM 2-mercaptoethanol , 10% glycerol, 2 mM 
phenylmethanesulf onyl fluoride] and sonicated. A 
supernatant obtained by centrifuging the sonicated 
suspension at 12000 rpm for 10 minutes was heated at 70 °C 

20 for 15 minutes. It was then centrifuged at 12000 rpm for 
10 minutes again to collect a supernatant. Thus, 32.0 ml 
of a heated supernatant was obtained. 

[0377] The heated supernatant was subjected to RESOURSE 
Q column (Amersham Pharmacia Biotech) equilibrated with 
25 Buffer C [50 mM tris-HCl (pH 8.0), 2 mM 2-mercaptoethanol, 
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10% glycerol ] and chromatographed using FPLC system 
(Amersham Pharmacia Biotech) . As a result, RNase HII 
flowed through the RESOURSE Q column, 32.5 ml of the flow- 
through RNase HII fraction was subjected to RESOURSE S 
5 column (Amersham Pharmacia Biotech) equilibrated with 
Buffer C and eluted with a linear gradient of 0 to 500 mM 
NaCl using FPLC system. A fraction containing RNase II 
eluted with about 240 mM NaCl was obtained. 2.0 ml of the 
RNase II fraction was subjected to PD-10 column (Amersham 

10 Pharmacia Biotech) equilibrated with Buffer C containing 50 
mM NaCl. 3.5 ml of the resulting eluate was subjected to 
HiTrap-heparin column (Amersham Pharmacia Biotech) 
equilibrated with Buffer C containing 50 mM NaCl and eluted 
with a linear gradient of 50 to 550 mM NaCl using FPLC 

15 system. As a result, a fraction containing RNase II eluted 
with about 295 mM NaCl was obtained. The thus eluted RNase 
HII was used as Tma RNase HII preparation. 

[0378] The enzymatic activity of the thus obtained Tma 

RNase HII preparation was measured as described in 
20 Referential Example 2- (6). As a result, an RNase H 
activity was observed for the Tma RNase HII preparation. 
[0379] Referential Example 6: Cloning of RNase HII gene 
from Pyrococcus horikoshii 

(1) Preparation of genomic DNA from Pyrococcus 

25 horikoshii 
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2 L of a medium containing 1% Tryptone (Difco 
Laboratories), 0.5% yeast extract (Difco Laboratories), 1% 
soluble starch (Nacalai Tesque) , 3.5% Jamarine S Solid 
(Jamarine Laboratory), 0.5% Jamarine S Liquid (Jamarine 
5 Laboratory), 0.003% MgS0 4 , 0.001% NaCl, 0.0001% FeS0 4 • 7H 2 0, 
0.0001% CoS0 4 , 0.0001% CaCl 2 ■ 7H 2 0, 0.0001% ZnS0 4 , 0.1 ppm 
CuS0 4 ■ 5H 2 0, 0.1 ppm KA1(S0 4 ) 2 , 0.1 ppm H 3 B0 4 , 0.1 ppm 
Na 2 Mo0 4 • 2H 2 0 and 0.25 ppm NiCl 2 ■ 6H 2 0 was placed in a 2-L 
medium bottle, sterilized at 120 °C for 20 minutes, bubbled 

10 with nitrogen gas to remove dissolved oxygen, then 
Pyrococcus horikoshii OT3 (purchased from the Institute of 
Physical and Chemical Research (RIKEN) ; JCM9974) was 
inoculated into the medium and cultured at 95 °C for 16 
hours without shaking. After cultivation, cells were 

15 collected by centrifugation. 

[0380] The cells were then suspended in 4 ml of 25% 
sucrose, 50 mM tris-HCl (pH 8.0). 0.4 ml of 10 mg/ml 
lysozyme chloride (Nacalai Tesque) in water was added 
thereto. The mixture was reacted at 20 °C for 1 hour. 

20 After reaction, 24 ml of a mixture containing 150 mM NaCl, 
1 mM EDTA and 20 mM tris-HCl (pH 8.0), 0.2 ml of 20 mg/ml 
proteinase K (Takara Shuzo) and 2 ml of 10% aqueous 
solution of sodium lauryl sulfate were added to the 
reaction mixture. The mixture was incubated at 37 °C for 1 

25 hour. 
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[0381] After reaction, the mixture was subjected to 
phenol-chloroform extraction followed by ethanol 
precipitation to prepare about 1 mg of genomic DNA. 
[0382] (2) Cloning of RNase HII gene 

5 The entire genomic sequence of the Pyrococcus 

horikoshii has been published [DNA Research, 5:55-76 
(1998)]* The existence of one gene encoding a homologue of 
RNase HII (PH1650) was known (SEQ ID NO: 234, the home page 
of National Institute of Technology and Evaluation: 
10 http : //www/nite . go . jp/ ) . 

[0383] Primers PhoNde (SEQ ID NO:235) and PhoBam (SEQ ID 

NO: 236) were synthesized on the basis of the sequence of 
the PH1650 gene (SEQ ID NO:234). 

[0384] A PCR was carried out using 100 ng of the 
15 Pyrococcus horikoshii genomic DNA prepared in Referential 
Example 6-(l) as a template, and 20 pmol each of PhoNde and 
PhoBam as primers in a volume of 100 jjl . TaKaRa Ex Taq 
(Takara Shuzo) was used as a DNA polymerase for the PCR 
according to the attached protocol. The PCR was carried 
20 out as follows: 40 cycles of 94 °C for 30 seconds, 55°C for 
30 seconds and 72 °C for 1 minute. An amplified DNA 
fragment of about 0.7 kb was digested with Ndel and BamHI 
(both from Takara Shuzo) . Then, a plasmid pPH0238 was 
constructed by incorporating the resulting DNA fragment 
25 between Ndel and BamHI sites in a plasmid vector pET3a 
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(Novagen) . 

[0385] (3) Determination of nucleotide sequence of DNA 

fragment containing RNase HI I gene 

The nucleotide sequence of the DNA fragment 
5 inserted into pPH0238 obtained in Referential Example 6- (2) 
was determined according to a dideoxy method, 
[0386] Analysis of the determined nucleotide sequence 
revealed an open reading frame presumably encoding RNase 
HII. The nucleotide sequence of the open reading frame is 
10 shown in SEQ ID NO: 237. The amino acid sequence of RNase 
HII deduced from the nucleotide sequence is shown in SEQ ID 
NO: 238 . 

[0387] Escherichia coli JM109 transformed with the 
plasmid pPH0238 is designated and indicated as Escherichia 
15 coli JM109/pPHO238, and deposited on February 22, 2001 at 
International Patent Organism Depositary, National 
Institute of Advanced Industrial Science and Technology 
under accession number FERM P-18222, 

[0388] (4) Preparation of purified RNase HII preparation 

20 Escherichia coli HMS174 (DE3) (Novagen) was 

transformed with pPH0238 obtained in Referential Example 6- 
(2). The resulting Escherichia coli HMS174(DE3) harboring 
pPH0238 was inoculated into 1 L of LB medium containing 100 
iag/ml of ampicillin and cultured with shaking at 37 °C for 
25 16 hours. After cultivation, cells collected by 
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centrif ugation were suspended in 34.3 ml of a sonication 
buffer [50 mM tris-HCl (pH 8.0), 1 mM EDTA, 2 inM 
phenylmethanesulf onyl fluoride] and sonicated. A 
supernatant obtained by centrifuging the sonicated 
5 suspension at 12000 rpm for 10 minutes was heated at 80 C C 
for 15 minutes . It was then centrifuged at 12000 rpm for 
10 minutes again to collect a supernatant. Thus, 33.5 ml 
of a heated supernatant was obtained. 

[0389] The heated supernatant was subjected to RESOURSE 
10 Q column (Amersham Pharmacia Biotech) equilibrated with 
Buffer A [50 mM tris-HCl (pH 8.0), 1 mM EDTA] and 
chromatographed using FPLC system (Amersham Pharmacia 
Biotech) . As a result, RNase HII flowed through the 
RESOURSE Q column. 
15 [0390] 35.0 ml of the flow- through RNase HII fraction 
was dialyzed against 2 L of Buffer B (50 mM tris-HCl (pH 
7.0), 1 mM EDTA) for 2 hours. The dialysis was repeated 
two more times. 34.5 ml of the dialyzed enzyme solution 
was subjected to RESOURSE S column (Amersham Pharmacia 
20 Biotech) equilibrated with Buffer B and eluted with a 
linear gradient of 0 to 50 0 mM NaCl using FPLC system. A 
fraction containing RNase HII eluted with about 155 mM NaCl 
was obtained. 

[0391] Buffer B was added to 4.0 ml of the fraction to 
25 make the NaCl concentration to 50 mM. The mixture was 
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subjected to HiTrap-heparin column (Amersham Pharmacia 
Biotech) equilibrated with Buffer B containing 50 mM NaCl 
and eluted with a linear gradient of 50 to 550 mM NaCl 
using FPLC system. As a result, a fraction containing 
5 RNase HII eluted with about 160 mM NaCl was obtained. 

[0392] 6.9 ml of the RNase HII fraction was concentrated 
by ultrafiltration using Centricon-10 (Amicon) . Two 
portions each separated from 250 p.1 of the concentrate were 
subjected to Superose 6 gel filtration column (Amersham 

10 Pharmacia Biotech) equilibrated with 50 mM tris-HCl (pH 
7.0) containing 100 mM NaCl and 0.1 mM EDTA and eluted with 
the same buffer. As a result, RNase HII was eluted at a 
position corresponding to a molecular weight of 24.5 
kilodalton . This molecular weight corresponds to that of 

15 RNase HII in a form of a monomer. 

[0393] The RNase HII eluted as described above was used 

as Pho RNase HII preparation. 

[0394] The enzymatic activity of the thus obtained Pho 
RNase HII preparation was measured as described in 
20 Referential Example 3- (5). As a result, an RNase H 
activity was observed for the Pho RNase HII preparation. 
[0395] Referential Example 7: Cloning of RNase HII gene 
from Archaeoglobus fulgidus 

(1) Preparation of genomic DNA from Archaeoglobus 

25 fulgidus 
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Cells of Archaeoglobus fulgidus (purchased from 
Deutsche Sammlung von Mikroorganismen und Zellkulturen 
GmbH; DSM4139) collected from 8 ml of a culture was 
suspended in 100 yl of 25% sucrose, 50 mM tris-HCl (pH 8.0). 
5 . 20 jil of 0.5 M EDTA and 10 yl of 10 mg/ml lysozyme chloride 
(Nacalai Tesgue) in water was added thereto . The mixture 
was reacted at 20°C for 1 hour. After reaction, 800 ]il of 
a mixture containing 150 mM NaCl, 1 mM EDTA and 20 mM tris- 
HCl (pH 8.0), 10 ul of 20 mg/ml proteinase K (Takara Shuzo) 

10 and 50 ]il of 10% aqueous solution of sodium lauryl sulfate 
and were added to the reaction mixture. The mixture was 
incubated at 37 °C for 1 hour. After reaction, the mixture 
was subjected to phenol-chloroform extraction, ethanol 
precipitation and air-drying, and then dissolved in 50 \xl 

15 of TE to obtain a genomic DNA solution. 

[0396] (2) Cloning of RNase HII gene 

The entire genomic sequence of the Archaeoglobus 
fulgidus has been published [Nature, 390:364-370 (1997)]. 
The existence of one gene encoding a homologue of RNase HII 

20 (AF0621) was known (SEQ ID NO:239, 

http : //www . tigr . org/tdb/CMR/btm/htmls/SplashPage . htlm) . 
[0397] Primers AfuNde (SEQ ID NO: 240) and AfuBam (SEQ ID 
NO:241) were synthesized on the basis of the sequence of 
the AF0621 gene (SEQ ID NO:239). 

25 [0398] A PCR was carried out using 30 ng of the 
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Archaeoglobus fulgidus genomic DNA prepared in Referential 
Example 7-(l) as a template, and 20 pmol each of AfuNde and 
AfuBam as primers in a volume of 100 \il . Pyrobest DNA 
polymerase (Takara Shuzo) was used as a DNA polymerase for 
5 the PCR according to the attached protocol. The PCR was 
carried out as follows : 4 0 cycles of 94 °C for 3 0 seconds, 
55 °C for 30 seconds and 72 °C for 1 minute. An amplified 
DNA fragment of about 0.6 kb was digested with Ndel and 
BamHI (both from Takara Shuzo) . Then, a plasmid pAFU204 
10 was constructed by incorporating the resulting DNA fragment 
between Ndel and BamHI sites in a plasmid vector pTV119Nd 
(a plasmid in which the Ncol site in pTV119N is converted 
into a Ndel site) . 

[0399] (3) Determination of nucleotide sequence of DNA 

15 fragment containing RNase HII gene 

The nucleotide sequence of the DNA fragment 
inserted into pAFU204 obtained in Referential Example 7- (2) 
was determined according to a dideoxy method. 
[0400] Analysis of the determined nucleotide sequence 

2 0 revealed an open reading frame presumably encoding RNase 
HII. The nucleotide sequence of the open reading frame is 
shown in SEQ ID NO: 242. The amino acid sequence of RNase 
HII deduced from the nucleotide sequence is shown in SEQ ID 
NO:243. 

25 [0401] Escherichia coli JM109 transformed with the 
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plasmid pAFU204 is designated and indicated as Escherichia 
coli JM10 9/pAFU2 04, and deposited on February 22, 2001 at 
International Patent Organism Depositary, National 
Institute of Advanced Industrial Science and Technology 
5 under accession number FERM P-18221. 

[0402] (4) Preparation of purified RNase HII preparation 

Escherichia coli JM109 was transformed with 
pAFU204 obtained in Referential Example 7- (2). The 
resulting Escherichia coli JM109 harboring pAFU204 was 

10 inoculated into 2 L of LB medium containing 100 ]jg/ml of 
ampicillin and cultured with shaking at 37 °C for 16 hours. 
After cultivation, cells collected by centrifugation were 
suspended in 37.1 ml of a sonication buffer [50 mM tris-HCl 
(pH 8.0), 1 mM EDTA, 2 mM phenylmethanesul f onyl fluoride] 

15 and sonicated. A supernatant obtained by centrifuging the 
sonicated suspension at 12000 rpm for 10 minutes was heated 
at 70°C for 15 minutes. It was then centrifuged at 12000 
rpm for 10 minutes again to collect a supernatant. Thus, 
40.3 ml of a heated supernatant was obtained. 

20 [0403] The heated supernatant was subjected to RESOURSE 
Q column (Amersham Pharmacia Biotech) equilibrated with 
Buffer A [50 mM tris-HCl (pH 8.0), 1 mM EDTA] and 
chromatographed using FPLC system (Amersham Pharmacia 
Biotech) . As a result, RNase HII flowed through the 

25 RESOURSE Q column. 
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[0404] The flow-through RNase HII fraction was subjected 
to RESOURSE S column (Amersham Pharmacia Biotech) 
equilibrated with Buffer A and chromatographed using FPLC 
system (Amersham Pharmacia Biotech) . As a result, RNase 
5 HII flowed through the RESOURSE S column. 

[0405] 40.0 ml of the flow-through RNase HII fraction 

was dialyzed against 2 L of Buffer B (50 mM tris-HCl (pH 
7.0), 1 mM EDTA) containing 50 mM NaCl for 2 hours. The 
dialysis was repeated two more times. 40.2 ml of the 

10 dialyzed enzyme solution was subjected to HiTrap-heparin 
column (Amersham Pharmacia Biotech) equilibrated with 
Buffer B containing 50 mM NaCl and eluted with a linear 
gradient of 50 to 550 mM NaCl using FPLC system. As a 
result, a fraction containing RNase HII eluted with about 

15 240 mM NaCl was obtained. 

[0406] 7.8 ml of the RNase HII fraction was concentrated 
by ultrafiltration using Centricon-10 (Amicon) . Four 
portions each separated from about 600 y.1 of the 
concentrate were subjected to Superose 6 gel filtration 

20 column (Amersham Pharmacia Biotech) equilibrated with 50 mM 
tris-HCl (pH 7.0) containing 100 mM NaCl and 0.1 mM EDTA 
and eluted with the same buffer. As a result, RNase HII 
was eluted at a position corresponding to a molecular 
weight of 30.0 kilodalton. This molecular weight 

25 corresponds to that of RNase HII in a form of a monomer. 
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[0407] The RNase HII eluted as described above was used 

as Afu RNase HII preparation. 

[0408] The enzymatic activity of the thus obtained Afu 
RNase HII preparation was measured as described in 
5 Referential Example 3- (5). As a result, an RNase H 
activity was observed for the Afu RNase HII preparation. 
[0409] Referential Example 8 

Unit value of RNase H from Escherichi coli used 
in the method of the present invention was measured 
10 according to the following method. 

[0410] (1) Preparation of reagent solutions used 

Reaction mixture for determining activity: The 
following substances at the indicated final concentrations 
were contained in sterile water: 40 mM tris-hydrochloride 
15 (pH 7.7 at 37°C), 4 mM magnesium chloride, 1 mM DTT, 0.003% 

BSA, 4% glycerol and 24 yM poly(dT) . 

[0411] Poly [8- 3 H] adenylic acid solution: 370 kBq of a 

poly [ 8- 3 H] adenylic acid solution was dissolved in 200 \xl of 
sterile water. 

20 [0412] Polyadenylic acid solution: Polyadenylic acid was 
diluted to a concentration of 3 mM with sterile ultrapure 
water. 

[0413] Enzyme dilution solution: The following 
substances at the indicated final concentrations were 
25 contained in sterile water: 25 mM tris-hydrochloride (pH 
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7.5 at 37 °C), 5 mM 2-mercaptoethanol, 0.5 mM EDTA (pH 7.5 
at 37°C), 30 mM sodium chloride and 50% glycerol. 
[0414] Preparation of heat-denatured calf thymus DNA: 

200 mg of calf thymus DNA was suspended and allowed to 
5 swell in 100 ml of TE buffer. The solution was diluted to 
a concentration of 1 mg/ml with sterile ultrapure water 
based on the absorbance measured at UV 2 60 nm. The diluted 
solution was heated at 100°C for 10 minutes and then 
rapidly cooled in an ice bath. 

10 [0415] (2) Method for measuring activity 

7 jjl of the poly [ 8- 3 H] adenylic acid solution was 
added to 985 \xl of the reaction mixture for determining 
activity prepared in (1) above. The mixture was incubated 
at 37°C for 10 minutes. 8 pi of polyadenylic acid was 

15 added to the mixture to make the final concentration to 24 
]aM. The mixture was further incubated at 37 °C for 5 
minutes. Thus, 1000 \il of a poly [ 8- 3 H] rA-poly-dT reaction 
mixture was prepared. 200 \il of the reaction mixture was 
then incubated at 30°C for 5 minutes. 1 \il of an 

20 appropriate serial dilution of an enzyme solution was added 
thereto. 50 ijI each of samples was taken from the reaction 
mixture over time for use in subsequent measurement. The 
period of time in minutes from the addition of the enzyme 
to the sampling is defined as Y. 50 jjl of a reaction 

25 mixture for total CPM or for blank was prepared by adding 1 
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]il of the enzyme dilution solution instead of an enzyme 
solution. 100 ]il of 100 mM sodium pyrophosphate, 50 iil of 
the heat- denatured calf thymus DNA solution and 300 jjl of 
10% trichloroacetic acid (300 of ultrapure water for 

5 measuring total CPM) were added to the sample. The mixture 
was incubated at 0°C for 5 minutes, and then centrifuged at 
10000 rpm for 10 minutes. After centrif ugation, 250 ]xl of 
the resulting supernatant was placed in a vial. 10 ml of 
Aquasol-2 (NEN Life Science Products) was added thereto. 
10 CPM was measured in a liquid scintillation counter. 
[0416] (3) Calculation of units 

Unit value for each enzyme was calculated 
according to the following equation. 

Unit/ml = {(measured CPM - blank CPM) x 1.2* x 20 x 1000 x 
15 dilution rate} 200 / (total CPM x Y (min.) x 50 (ijI) x 

9**) 

1.2*: Amount in nmol of poly [ 8- 3 H] rA-poly-dT 
contained in total CPM per 50 \il . 

9**: Correction coefficient. 
20 [0417] Example 1 

(1) Synthesis of template DNA and primers 
A single-stranded DNA of 99 bases as a template 
and primers used in this Example were synthesized using a 
DNA synthesizer (Applied Biosystems) . The nucleotide 
25 sequence of the single-stranded DNA of 99 bases is shown in 
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SEQ ID N0:1 of the Sequence Listing. The structures of the 
primers used in this Example are described below in detail: 

Primer Pair 1: A combination of primers having a 
nucleotide sequence as shown in SEQ ID NO: 2 or 3 of the 
5 Sequence Listing and wholly composed of 

deoxyr ibonucleo tides ; 

Primer Pair 2: A combination of primers having a 
nucleotide sequence as shown in SEQ ID NO: 4 or 5 of the 
Sequence Listing in which the first and second nucleotides 
10 from the 3 '-terminus are ribonucleotides and the phosphate 
bond on the 5 '-terminal side of the second ribonucleotide 
from the 3 '-terminus is replaced by a phosphorothioate 
bond; 

Primer Pair 3: A combination of primers having a 
15 nucleotide sequence as shown in SEQ ID NO: 6 or 7 of the 
Sequence Listing in which the nucleotide at the 3 '-terminus 
is a ribonucleotide and the phosphate bond on the 5 T - 
terminal side of the ribonucleotide is replaced by a 
phosphorothioate bond; 
20 Primer Pair 4: A combination of primers having a 

nucleotide sequence as shown in SEQ ID NO: 8 or 9 of the 
Sequence Listing in which the first and second nucleotides 
from the 3' -terminus are ribonucleotides; and 

Primer Pair 5: A combination of primers having a 
25 nucleotide sequence as shown in SEQ ID NO: 10 or 11 of the 
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Sequence Listing in which the third and fourth nucleotides 
from the 3 '-terminus are ribonucleotides and the phosphate 
bond on the 5 '-terminal side of the fourth ribonucleotide 
form the 3 '-terminus is replaced by a phosphorothioate bond. 
5 [0418] (2) Amplification reaction 

Bca BEST DNA polymerase (Takara Shuzo) , which is 
a DNA polymerase lacking a 5 '^3' exonuclease activity from 
Bacillus caldotenax, and cloned ribonuclease H (Takara 
Shuzo) , which is RNase H from E. coli, were used to examine 

10 the reaction systems of Models 1 to 7 as described below. 
[0419] A reaction mixture was prepared as follows. 

35 mM tris-hydrochloride buffer (pH 7.5), 0.1 
mg/ml bovine serum albumin (BSA) , 2.7% glycerol, 5% 
dimethyl sulfoxide, 1.4 mM each of dNTPs, 10 mM magnesium 

15 chloride, 20 pmol of one or both of the primers of one of 
the primer pairs as described above in (1), 0.6 ng of the 
synthetic single-stranded DNA as the template, 5 U of Bca 
BEST DNA polymerase and 60 U of cloned ribonuclease H to a 
final reaction volume of 50 \xl . The reaction mixture was 

20 mixed to homogeneity, incubated at 55°C for 60 minutes, and 
then heated at 90°C for 2 minutes to inactivate the enzymes. 
8 \xl of the reaction mixture was subjected to 
electrophoresis on 3% NuSieve 3:1 agarose (Takara Shuzo) 
gel. The primers used in the respective Models are 

25 described below: 
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Models 1-5: One of the Primer Pairs 1-5 was used; 
Model 6: Only the downstream primer of the Primer 
Pair 2 was used; and 

Model 7 : The Primer Pair 4 was used without the 
5 addition of RNase H. 

[0420] As a result, amplified fragments having a size of 
interest ranging from about 40 base pairs (bp) to about 90 
bp were observed when the reaction mixtures of the Models 2 
to 5 were used, indicating that DNAs are amplified using 

10 these reaction systems. An amplified fragment having an 
expected size of about 70 bases (b) (a single-stranded DNA 
fragment) was observed for the Model 6 in which only one of 
the two primers was used. No DNA amplification was 
observed for the reaction of the Model 1 or 7 . 

15 [0421] (3) Confirmation of amplification products 

The reaction mixture obtained by the reaction of 
the Model 4 as described in (2) was filtrated using 
Microcon-100 (Takara Shuzo) to recover an amplified DNA 
fragment entrapped on the filter. The nucleotide sequence 

2 0 of the DNA fragment was determined by the dideoxy method. 

As a result, the fragment amplified by the above-mentioned 
reaction was confirmed to be a DNA having the same 
nucleotide sequence as that of the DNA as the template. 
[0422] (4) Examination of reaction time 

25 The reaction mixture of the Model 2 as described 
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above in (2) was prepared to study the change in the amount 
of the amplification product when it was reacted for a 
varying time. The reaction mixture was incubated for 0, 15, 
30, 60, 90 or 120 minutes at 55°C. The mixture was then 
treated at 90°C for 2 minutes to inactivate the enzymes. 8 

jal of the reaction mixture was analyzed by electrophoresis 
on 3% NuSieve 3:1 agarose gel. The results of the 
electrophoresis are shown in Figure 41. Numbers 1 to 6 in 
the figure represent lanes to which the reaction mixture 
reacted for 0, 15, 30, 60, 90 or 120 minutes was applied, 
respectively. M represents a lane to which 100 bp DNA 
ladder marker (Takara Shuzo) was applied as a molecular 
weight marker. 

[0423] As shown in Figure 41, no amplification product 
was observed for a reaction time of 0 minute. It was 
confirmed that the amount of the amplification product 
increased as the reaction time became longer from 15 
minutes to 30 or 60 minutes. However, the amount of the 
amplification product as observed by electrophoresis was 
almost unchanged for a reaction time of 60 minutes or 
longer, indicating that the amplification in the reaction 
system used reached the plateau at about 60 minutes. 
[0424] Example 2 

(1) Preparation of RNA 

An RNA used as a template in this Example was 
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prepared from human cultured cell HT29 (ATCC HTB-38) 
(Dainippon Pharmaceutical) using TRIzol reagent (Life 
Technologies) . The concentration of the resulting total 

RNA was adjusted to 1 \xg/\il. The OD260/OD280 value was 1.8, 
5 which indicates the spectrophotometric purity of the RNA. 
[0425] (2) Amplification reaction 

Bca BEST DNA polymerase, which has a reverse 
transcription activity and a DNA polymerase activity, as 
well as RNase H endonuclease were used to determine if a 

10 cDNA is amplified from an RNA. 

[0426] A reaction mixture having the composition as 
described in Example 2 was prepared with the addition of 1 
\xg of the above-mentioned total RNA. A targeted region 
encoding human transferrin receptor (GenBank accession no. 

15 X01060) was amplified using the Primer Pair 2 in Example 1 
as primers. 

[0427] The reaction mixture was incubated at 55°C for 60 
minutes, and then heated at 90°C for 2 minutes to 
inactivate the enzymes. When 8 |al of the reaction mixture 

20 was subjected to electrophoresis on 3% NuSieve 3:1 agarose 
gel, an amplified fragment having an expected size of 56 bp 
was observed. Furthermore, Southern hybridization was 
carried out using a probe having the targeted nucleotide 
sequence. A DNA probe having a nucleotide sequence as 

25 shown in SEQ ID NO: 12 of the Sequence Listing labeled with 
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biotin at the 5 T -terminus was used to conduct Southern 
hybridization. As a result, the probe hybridized with the 
above-mentioned amplified fragment, confirming that the 
targeted region was correctly amplified by the method of 
5 the present invention. 
[0428] Example 3 

(1) Synthesis of primers 

The amplification method of the present invention 
was examined using a double-stranded DNA as a template. 

10 Primers used were synthesized using a DNA synthesizer 
(Applied Biosystems) . Nucleotide sequences of primers are 
shown in SEQ ID NOS : 13-22 of the Sequence Listing. The 
structures of the primers used in this Example are 
described below in detail. The pUC19 DNA (Takara Shuzo) 

15 was used as a template for the Primer Pairs A-F. The 
nucleotide sequence of pUC19 is available from a database 
(GenBank accession no. L09137) . An amplified double- 
stranded DNA fragment was used as a template for the Primer 
Pair G. The fragment was prepared from the human total RNA 

20 obtained in Example 2 using primers having a sequence as 
shown in SEQ ID NOS: 95 or 96 of the Sequence Listing and 
TaKaRa RNA PCR Kit (AMV) Ver. 2.1 (Takara Shuzo) according 
to the attached standard protocol. 

Primer Pair A (amplified fragment length: about 

25 450 bp) : A combination of primers having a nucleotide 
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sequence as shown in SEQ ID NO: 13 or 14 of the Sequence 
Listing in which the first and second bases from the 3 T - 
terminus are ribonucleotides; 

Primer Pair B (amplified fragment length: about 
5 250 bp) : A combination of primers having a nucleotide 
sequence as shown in SEQ ID NO: 13 or 15 of the Sequence 
Listing in which the first and second bases from the 3 ! - 
terminus are ribonucleotides; 

Primer Pair C (amplified fragment length: about 
10 520 bp) : A combination of primers having a nucleotide 
sequence as shown in SEQ ID NO: 13 or 16 of the Sequence 
Listing in which the first and second bases from the 3 1 - 
terminus are ribonucleotides; 

Primer Pair D (amplified fragment length: about 
15 890 bp) : A combination of primers having a nucleotide 
sequence as shown in SEQ ID NO: 13 or 17 of the Sequence 
Listing in which the first and second bases from the 3 1 - 
terminus are ribonucleotides; 

Primer Pair E (amplified fragment length: about 
20 130 bp) : A combination of primers having a nucleotide 
sequence as shown in SEQ ID NO: 18 or 19 of the Sequence 
Listing in which the first to third bases from the 3 T - 
terminus are ribonucleotides; 

Primer Pair F (amplified fragment length: about 
25 220 bp) : A combination of primers having a nucleotide 
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sequence as shown in SEQ ID NO: 20 or 19 of the Sequence 
Listing in which the first to third bases from the 3 T - 
terminus are ribonucleotides; and 

Primer Pair G (amplified fragment length: about 
5 320 bp) : A combination of primers having a nucleotide 
sequence as shown in SEQ ID NO: 21 or 22 of the Sequence 
Listing in which the first to third bases from the 3 T - 
terminus are ribonucleotides. 
[0429] (2) Amplification reaction 

10 A reaction mixture was prepared as follows. 

35 mM potassium phosphate buffer (pH 7.5), 0.1 
mg/ml bovine serum albumin (BSA) , 5% dimethyl sulfoxide, 
1.4 mM each of dNTPs, 10 mM magnesium chloride, 60 pmol 
each of the primers of one of the primer pairs as described 

15 above in (1), 100 ng of the pUC19 DNA as the template, 5.5 
U of Bca BEST DNA polymerase and 60 U of RNase H to a final 
reaction volume of 50 \xl . 

[0430] The reaction conditions were as follows. The 
reaction mixture without the DNA polymerase or RNase H was 

20 heat-denatured at 98 °C for 1 minute, and then cooled to 
55° C. The DNA polymerase and RNase H were then added 
thereto and the mixture was incubated at 55 °C for 60 
minutes. After the completion of the reaction, the mixture 
was heated at 90 °C for 2 minutes to inactivate the enzymes. 

25 8 (il of the reaction mixture was then subjected to 
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electrophoresis on 3% NuSieve 3:1 agarose gel. 
[0431 ] As a result, it was confirmed that an amplified 
fragment of interest was obtained using either of the 
Primer Pairs. Thus, it was confirmed that a double- 
5 stranded DNA can be used as a template to conduct an 
amplification reaction in the amplification method of the 
present invention . 

[0432] (3) Digestion of amplification product with 

restriction enzyme 

10 Digestion of an amplified fragment obtained using 

the amplification method of the present invention with a 
restriction enzyme was examined. The pUC19 plasmid DNA was 
used as a template DNA. pUC19 upper (2) NN primer and 
pUC19 lower NN primer as shown in SEQ ID N0S:13 and 14 of 

15 the Sequence Listing, respectively, were used. In the 
primers, the first and second bases from the 3 '-terminus 
are ribonucleotides. The composition of the reaction 
mixture was as follows. 

Reaction Mixture A: 3 5 itiM potassium phosphate 

20 buffer (pH 7.5), 10 mM magnesium chloride, 1.4 mM each of 
dNTPs, 0.01% BSA, 5% DMSO, 2.7% glycerol, 100 pmol each of 
the pUC19 upper (2) NN primer and the pUC19 lower NN primer, 
500 ng of the pUC19 DNA and sterile distilled water to a 

reaction volume of 48 |il . 
25 [0433] The reaction mixture was heat-denatured at 98°C 
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for 1 minute, and then cooled to 55°C. 60 U of E. coli 
RNase H and 5.5 U of Bca BEST were then added thereto to 
make the reaction volume to 50 ±il . The reaction mixture 
was incubated at 55°C for 1 hour. After the completion of 
5 the reaction, the mixture was heated at 90°C for 2 minutes 
to inactivate the enzymes. The reaction mixture was 
subjected to electrophoresis on 3% agarose gel to purify 
the resulting amplification product. The recovered 

amplification product was resupended in 100 jal of sterile 

10 distilled water. 

[0434] The thus obtained DNA solution was used for 
restriction enzyme digestion. Restriction enzymes used 
were AccII (Takara Shuzo) and Bcnl (Takara Shuzo) . The 
composition of the reaction mixture was as follows. 

15 [0435] 3 ill of the DNA solution, 1 jjtl of 10 x AccII 

buffer or 10 x Bcnl buffer attached to each of the enzymes, 
1 |il of the restriction enzyme AccII or Bcnl and sterile 
distilled water to a reaction volume of 10 \xl . The 
reaction mixture was reacted at 37 °C for 30 minutes. 1.5 

20 |Lil of 10 x loading buffer was added thereto. 6 (il of the 
mixture was subjected to electrophoresis on 3% NuSieve 
agarose gel. 

[0436] As a result, restriction enzyme-digested DNA 
fragments of interest were obtained using both of the 
25 restriction enzymes AccII and Bcnl. 



[0437] (4) Detection of mutation 

Detection of a mutation using the amplification 
method of the present invention was examined. pUC19 was 
used as a template. Nucleotide sequences of pUC19 upper 
(2) NN-U primer, pUC19 upper (2) NN-A primer, pUC19 upper 
(2) NN-C primer and pUC19 upper (2) NN-G primer are shown 
in SEQ ID NOS: 23-26 of the Sequence Listing, respectively. 
Nucleotide sequences of pUC19 lower NN primer is shown in 
SEQ ID NOS: 14 of the Sequence Listing. Any one of these 
primers is a chimeric oligonucleotide primer in which the 
first and second bases from the 3 '-terminus are 
ribonucleotides. The combinations of these primers were as 
follows . 

Primer Pair 1: pUC19 upper (2) NN-U and pUC19 

lower NN; 

Primer Pair 2: pUC19 upper (2) NN-A and pUC19 

lower NN; 

Primer Pair 3: pUC19 upper (2) NN-C and pUC19 
lower NN; and 

Primer Pair 4: pUC19 upper (2) NN-G and pUC19 

lower NN. 

[0438] A reaction mixture was prepared as follows. 

[0439] 30 mM potassium phosphate buffer (pH 7.3), 0.01% 

bovine serum albumin (BSA) , 5% DMSO, 1 mM each of dNTPs , 8 
mM magnesium acetate, 60 pmol each of the primers, 50 ng of 
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the DNA as the template and sterile distilled water to a 
reaction volume of 4 8 |j,l . 

[0440] The reaction mixture was heat-denatured at 98°C 
for 1 minute, and then cooled to 55°C. 5.5 U of Bca BEST 
5 DNA polymerase and 60 U of E. coli RNase H were then added 
thereto and the reaction mixture was incubated at 55°C for 
60 minutes. The mixture was then heated at 90°C for 2 
minutes to inactivate the enzymes. 8 \xl of the reaction 
mixture was subjected to electrophoresis on 4% NuSieve 3:1 

10 agarose (Takara Shuzo) gel. As a result, an amplified 
fragment of about 450 bp of interest was detected only when 
the combination of the primers that included the primer 
having a complementary base at the 3 T -terminus of pUC19 
upper (2) NN was used. On the other hand, no amplified 

15 fragment was observed for the combinations including the 
primer having a mismatched base at the 3 1 -terminus of pUC19 
upper (2) NN. 
[0441] Example 4 

(1) Reaction in microtube 

2 0 Reaction volume for the amplification method of 

the present invention was examined. A region encoding 
human transferrin receptor was selected as a region to be 
amplified. Primers having a sequence as shown in SEQ ID 
NO: 27 or 28 of the Sequence Listing were used. In the 

25 primers, the first and second bases from the 3 '-terminus 



are ribonucleotides. A fragment of about 750 bp amplified 
by RT-PCR was used as a template DNA. The reaction volume 
was adjusted to 50, 100, 300 or 500 \xl. The composition of 
the reaction mixture was as follows. 

Reaction Mixture A: 10 [il of 5 x specialized 
buffer (135 mM potassium phosphate buffer (pH 7.5), 0.5 
mg/ml BSA, 2.5% DMSO) , 4 ^1 of 100 mM magnesium acetate, 5 
|ll of 10 mM dNTPs, 10 \xl of 10 |0M ATP, 1 (il of Bca BEST DNA 
polymerase (22 U/[il) , 1 |Lil of RNase H (60 V/\xl) and sterile 
distilled water to 39 |ul . 

Reaction Mixture B: 3 jllI each of 20 \jM human 
transferrin receptor S primer (SEQ ID NO: 27) and 20 pM 
human transferrin receptor A primer (SEQ ID NO:28), about 
100 ng of the DNA as the template and sterile distilled 
water to 11 |ul . If the volume became 50 \xl or more, it was 
scaled up to have the above-mentioned composition. 
[0442] For an amplification reaction, the Reaction 

Mixture B was treated at 98 °C for 2 minutes, and then 
incubated at 55 °C for 3 minutes. The Reaction Mixture B 
was added to the Reaction Mixture A which had been pre- 
incubated in a 1500-pil microtube at 55°C. After mixing, 
the reaction mixture was incubated at 55 °C for 1 hour. 
After the completion of the reaction, the mixture was 
transferred to an ice bath. 8 (al of the reaction mixture 
was subjected to electrophoresis on 3% agarose gel. 
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[0443] As a result, a fragment of about 300 bp of 
interest was efficiently amplified using each of the 
reaction volumes. In addition, it was confirmed that an 
amplified fragment of interest can be obtained without a 
5 problem using a PCR- amplified fragment as a template DNA. 
[0444] (2) Reaction in Petri dish 

Use of a Petri dish for preventing the 
heterogeneous temperature in a reaction mixture due to 
increased reaction volume was examined. A region encoding 

10 human transferrin receptor was selected as a region to be 
amplified. Primers having a sequence as shown in SEQ ID 
NO: 12 or 13 of the Sequence Listing were used. In the 
primers, the first and second bases from the 3 T -terminus 
are ribonucleotides. A fragment of about 750 bp amplified 

15 by RT-PCR was used as a template DNA. The reaction volume 
was adjusted to 10 ml. The composition of the reaction 
mixture was as follows. 

Reaction Mixture A: 2000 jal of 5 x specialized 
buffer (135 itiM potassium phosphate buffer (pH 7.5), 0.5 
20 mg/ml BSA, 2.5% DMSO) , 800 p,l of 100 mM magnesium acetate, 
1000 \il of 10 mM dNTPs and sterile distilled water to 9.1 
ml . 

Reaction Mixture B: 200 ^il each of 60 |iM human 
transferrin receptor S primer (SEQ ID NO: 12) and 60 jaM 
25 human transferrin receptor primer (SEQ ID NO: 13), about 10 
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|ug of the DNA as the template and sterile distilled water 
to 500 |j,l. 

Reaction Mixture C: 200 |ul of Bca BEST DNA 
polymerase (22 U/^il) and 200 \il of RNase H (60 U/|ul) 
[0445] For an amplification reaction, the Reaction 
Mixture B was treated at 98 °C for 1 minute, and then 
incubated at 55°C for 3 minutes. The Reaction Mixture B 
was added to the Reaction Mixture A which had been pre- 
incubated in a 60-mm (diameter) plastic Petri dish at 55°C. 
The Reaction Mixture C was further added thereto. After 
mixing, the reaction mixture was incubated at 55 °C for 1 
hour. After the completion of the reaction, the reaction 
mixture was transferred to an ice bath. 8 \xl of the 
reaction mixture was then subjected to electrophoresis on 
3% agarose gel. 

[0446] As a result, a fragment of about 300 bp of 
interest was efficiently amplified even if the reaction 
volume of 10 ml was used. In addition, it was confirmed 
that an amplified fragment of interest can be obtained 
without a problem using a PGR- amplified fragment as a 
template DNA. Thus, it was confirmed that the method of 
the present invention can be more preferably used for 
making a DNA chip, which requires a large amount of a DNA 
fragment, as compared to the conventional PCR method. 
[0447] Example 5 
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(1) Relationship between type of buffer and 
amount of RNase H used 

The relationship between the type of buffer and 
the amount of RNase H used was examined. Plasmid DNAs, in 
5 which a fragment of 249 bp or 911 bp was cloned into the 
pUC19 vector (designated as pUC19-249 and pUC19-911) were 
used as templates. Chimeric oligonucleotide primers, in 
which the first to third bases from the 3 '-terminus of 
MF2N3 (24) primer or MR1N3 (24) primer having a sequence as 

10 shown in SEQ ID NO: 29 or 30 of the Sequence Listing are 
ribonucleotides, were used as primers. By using the 
combination of these primers, amplified fragments of about 
450 bp and about 1100 bp are obtained for pUC19-249 and 
pUC19-911, respectively. 

15 [0448] A tris-hydrochloride buffer, a potassium 
phosphate buffer and Tricine buffer were selected as buffer 
systems to be examined. The amounts of RNase H examined 
were no addition and a final concentration ranging from 0.3 

to 1.2 U/|il. The tris-hydrochloride buffer system was 
20 prepared as described in Example 1 (2), except that 10 ng 
of pUC19-249 or 200 ng of pUC19-911, 60 pmol each of the 
primers and 11 U/50 |al reaction volume of Bca BEST DNA 
polymerase were used. The potassium phosphate buffer 
system was prepared to have a similar composition. The 
25 Tricine buffer system was prepared to contain the following 
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at the indicated final concentration: 34 mM Tricine buffer 
(pH 8.7), 10 mM potassium chloride, 10 mM ammonium sulfate, 
0.01% BSA, 1% DMSO, 4 mM magnesium acetate and 0.5 mM each 
of dNTPs. 10 ng/50 reaction volume of the pUC19-249 

5 plasmid or 200 ng/50 reaction volume of the pUC19-911 

plasmid, 60 pmol/50 \il reaction volume each of primers, 
RNase H at a predetermined concentration and 11 U/50 |nl 
reaction volume of Bca BEST DNA polymerase were added to 
the buffer system. 

10 [0449] For an amplification reaction, a mixture of 
pUC19-249 or pUC19-911 as a template and the respective 
primers was heat-denatured at 98 °C for 1 minute, and then 
cooled to 55°C. A mixture of the remaining reaction 
components was added thereto. The mixture was reacted at 

15 55°C for 60 minutes. After the completion of the reaction, 
the mixture was cooled to 4°C and 1/10 volume of 0.5 M EDTA 
was added thereto to terminate the reaction. 3 jjil of the 
reaction mixture was subjected to electrophoresis on 3% 
NuSieve 3:1 agarose (Takara Shuzo) gel. 

20 [0450] As a result, when pUC19-249 was used as a 
template, increase in amplification efficiency was observed 
depending on the buffer system used in the following order: 
tris-hydrochloride < potassium phosphate < Tricine. When 
pUC19-911 was used as a template, increase in amplification 

25 efficiency was observed depending on the buffer system used 



201 



in the following order: tris-hydrochloride < Tricine < 
potassium phosphate. The use of RNase H at a final 
concentration ranging from 0.3 to 1.2 U/fal resulted in the 
amplified fragment of interest, although no amplified 
fragment of interest was observed for no addition. 
[0451] (2) Examination of amount of primer 

The effect of the amount of a primer used on the 
amplification method of the present invention was examined. 
A reaction mixture system having a composition in which 
PUC19-249 was used as a template among the compositions as 
described above in (1) was used. 60 U/50 |ul reaction 
volume of RNase H was used for the potassium phosphate 
buffer system, whereas 30 U/50 (il reaction volume of RNase 
H was used for the tris-hydrochloride or Tricine buffer 
system. The examined concentration of the primer ranged 
from 10 to 100 pmol/50 |ul . Reaction conditions and 
confirmation of amplification were as described above in 
(1) . 

[0452] As a result, an amplified fragment of interest 
was observed using each of the reaction buffer systems 
containing the primer at a concentration ranging from 10 to 
100 pmol/50 ixl. 

[0453] (3) Effect of pH of reaction buffer 

The effect of the pH of a reaction mixture on the 
amplification method of the present invention was examined. 
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The composition of the reaction mixture was as described 
above in (2). The pH examined were 7,0-8.0 for the 
potassium phosphate buffer system, 7.5-9.2 for the Tricine 
buffer system, and 7.5-9.0 for the tris-hydrochloride 
buffer system. Reaction conditions and confirmation of 
amplification were as described above in (1) . 
[0454] As a result, an amplified fragment of interest 
was observed at pH within the range used for the respective 
buffer systems. 

[0455] (4) Effect of additive 

The effect of addition of dimethyl sulfoxide 

(DMSO) was examined using the reaction mixture composition 
of the phosphate buffer system (pH 7.5) as described above 
in (3) . Additionally, the effect of addition of a 
polyamine was also examined. The examined amount of added 
DMSO ranged from no addition to 10%. On the other hand, 
spermine tetrahydrochloride (Sigma), spermidine 

trihydrochloride (Sigma), acetylputrescine (Nacalai Tesque) , 
putrescine dihydrochloride (Nacalai Tesque) , trimethylene 
diamine (Nacalai Tesque), propylenediamine (Nacalai Tesque) 
and diaminomethane dihydrochloride (Nacalai Tesque) were 
used as a polyamine. The amounts of propylenediamine and 
trimethylene diamine added were within the range between no 
addition and 2%. Other polyaminies were used within the 
range between no addition and 5 mM. Reaction conditions 
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and confirmation of amplification were as described above 
in (1) . 

[0456] As a result, a DNA fragment of interest was 
efficiently amplified using the additive at a concentration 
within the indicated range: no addition to 5% of DMSO; no 
addition to 200 pM of spermine tetrahydrochloride or 
spermidine; 40 pM to 40 mM of acetylputrescine or 
putrescine dihydrochloride; 0.002% to 0.02% of trimethylene 
diamine; 0.0001% to 0.01% of propylenediamine; and 0.1 jjM 
to 10 jiM of diaminomethane dihydrochloride. 
[0457] (5) Examination of type of magnesium salt 

The effect of the type of a magnesium salt on the 
amplification method of the present invention was examined. 
The pUC19 DNA was used as a template. pUC19 upper NN 249 
primer and pUC19 lower NN primer having sequences as shown 
in SEQ ID N0S:31 and 14 of the Sequence Listing, 
respectively, were used as primers. An amplified fragment 
of about 225 bp is obtained using a pair of these primers. 
Magnesium chloride, magnesium acetate and magnesium sulfate 
were used as magnesium salts. The composition of the 
reaction mixture was as follows. 

[0458] 35 mM potassium phosphate buffer (pH 7.3), 8 mM 
(final concentration) magnesium chloride, magnesium acetate 
or magnesium sulfate, 1 . 0 mM (final concentration) each of 
dNTPs, 50 ng of the pUC19 DNA, 60 pmol each of the primers, 
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60 U of RNase H, 5.5 u of Bca BEST DNA polymerase and 
sterile distilled water to a reaction volume of 50 ^il . 
Reaction conditions and confirmation of amplification were 
as described above in (3) . 

[0459] As a result, an amplified fragment of interest 
was observed using each of the magnesium salts, 

[0460] (6) Examination of concentrations of magnesium 

and dNTPs 

The effects of the concentrations of magnesium 
and dNTPs on the amplification method of the present 
invention were examined. The composition of the reaction 
mixture was as described above in (5), except that 25 ng of 
the pUC19 DNA, and magnesium and dNTPs at various 
concentrations were used. Reaction conditions and 

confirmation of amplification were as described above in 
(1) . 

[0461] In a reaction system in which the final 
concentration of each of dNTPs was fixed at 1 mM, an 
amplified fragment of interest was obtained when a final 
magnesium concentration ranging from 6 mM to 10 mM was used. 
In a reaction system in which the final magnesium 
concentration of was fixed at 8 mM, an amplified fragment 
of interest was obtained when a final concentration of each 
of dNTPs ranging from 0.6 mM to 1.2 mM was used. 
Furthermore, in a reaction system in which the final 
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concentration of each of dNTPs was fixed at 0.5 mM, an 
amplified fragment of interest was obtained when a final 
magnesium concentration ranging from 2 mM to 6 mM was used. 
In a reaction system in which the final magnesium 
5 concentration was fixed at 4 mM, an amplified fragment of 
interest was obtained when a final concentration of each of 
dNTPs ranging from 0.2 mM to 0.8 mM was used. 
[0462] (7) Examination of change in concentration of 

potassium phosphate buffer or Tricine buffer and reactivity 

10 The effect of the concentration of the potassium 

phosphate buffer or the Tricine buffer on the amplification 
method of the present invention was examined. The 
composition of the reaction mixture was as described above 
in (1) for a case where pUC19-249 was used as a template, 

15 except that a potassium phosphate buffer at a final 
concentration of 20-50 mM or a Tricine buffer at a final 
concentration of 22-46 mM was used. 

[0463] As a result, an amplified fragment of interest 
was obtained when the potassium phosphate buffer at a final 
20 concentration ranging from 20 to 50 mM or the Tricine 
buffer at a final concentration ranging from 22 to 4 6 mM 
was used. 

[0464] (8) Examination of concentration of Bca BEST DNA 

polymerase 

25 The effect of the concentration of Bca BEST DNA 
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polymerase on the amplification method of the present 
invention was examined. The composition of the reaction 
mixture was as described above in (1) for a case where 
pUC19-249 was used as a template, except that a potassium 
phosphate buffer system or a Tricine buffer system and Bca 
BEST DNA polymerase at a concentration within a range of 1- 
22 U/50 \xl reaction volume was used* Reaction conditions 
and confirmation of amplification were as described above 
in (1) . 

[0465] As a result, an amplified fragment of interest 
was obtained when Bca BEST DNA polymerase was used at a 
concentration within a range of 1-22 U/50 |Lil . 
[0466] Example 6 

Comparison with the PCR method 

The amplification method of the present invention 
was compared with the PCR method. Ones in which a DNA 
fragment of about 150 bp or about 250 bp is inserted into a 
multi-cloning site in the pUC19 plasmid DNA were used as 
templates. The templates were prepared as follows. 
[0467] pUC19 upper 150 PCR primer, pUC19 upper 249 PCR 

primer and pUC19 lower PCR primer, which have sequences as 
shown in SEQ ID NOS:32, 33 and 34 of the Sequence Listing, 
respectively, were used to conduct a PCR reaction using 100 
pg of the pUC19 plasmid DNA as a template. An amplified 
fragment of about 150 bp was obtained by using a 



combination of the pUC19 upper 150 primer and the pUC19 
lower NN primer. An amplified fragment of about 250 bp was 
obtained by using a combination of the pUC19 upper 249 
primer and the pUC19 lower NN primer. Each of these 
amplified fragments was purified using Microcon-100, blunt- 
ended using DNA blunting kit (Takara Shuzo) , and then 
subcloned into a Hindi site in the pUC19 plasmid. 
Plasmids into which one of the amplified fragments is 
inserted were used to transform E. coli JM109. The 
resulting transf ormants were cultivated and plasmids with 
inserted DNA were purified from the cells using QIAGEN 
plasmid mini kit (Qiagen) . The plasmids with inserted DNA 
were used as templates. 

[0468] The sequences of the primers used in this Example 
are shown in SEQ ID NOS:35 and 36 of the Sequence Listing. 
Primers in which the first to third bases from the 3 1 - 
terminus are ribonucleotides were used for the 
amplification method of the present invention. The 
composition of the reaction mixture was as follows. 
[0469] 27 mM phosphate buffer (pH 7.3), 0.01% bovine 
serum albumin (BSA) , 5% DMSO, 1 mM each of dNTPs , 8 mM 
magnesium acetate, 60 pmol each of the primers, 1 ng of the 
DNA as the template and sterile distilled water to a 
reaction volume of 48 ^1 . 

[0470] The reaction mixture was heat-denatured at 98 °C 
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for 1 minute, and then cooled to 55°C. 5.5 U of Bca BEST 
DNA polymerase and 60 U of E. coli RNase H were added 
thereto, and the mixture was incubated at 55°C for 60 
minutes. Thereafter, the mixture was heated at 90°C for 2 
minutes to inactivate the enzymes. 3 \il of the reaction 
mixture was subjected to electrophoresis on 4% NuSieve 3:1 
agarose (Takara Shuzo) gel. 

[0471] On the other hand, amplification using the PCR 
method was conducted as a control. PCR Amplification kit 

(Takara Shuzo), 10 pmol each of primers having a sequence 
as shown in SEQ ID NO: 37 or 38 of the Sequence Listing, 1 
ng of the DNA as the template and sterile distilled water 
to a reaction volume of 50 jul were used for the reaction. 
The reaction conditions were 25 cycles of 94°C for 30 
seconds, 55°C for 30 seconds and 72°C for 40 seconds. 
After the completion of the reaction, 3 |itl of the reaction 
mixture was subjected to electrophoresis on 4% NuSieve 3:1 
agarose (Takara Shuzo) gel. 

[0472] As a result, more amount of a fragment of 
interest was amplified from each of the plasmids having an 
insert of 150 bp or 249 bp as a template in the 
amplification method of the present invention as compared 
with the PCR method. 20 jul of the reaction mixture was 
purified using Microcon-100, and the amount of the 
amplification product was quantified using Beckman DU-640 



209 



spectrophotometer (Beckman) in order to express numerically 
the amount of the amplification product. The amount of the 
fragment amplified from the plasmid having an insert of 150 
bp as the template in the amplification method of the 
present invention was confirmed to be about 60-fold higher 
than that in the PCR method. The amount of the fragment 
amplified from the plasmid having an insert of 250 bp as 
the template in the amplification method of the present 
invention was confirmed to be about 4 0-fold higher than 
that in the PCR methods. Based on these results, it was 
confirmed that the method of the present invention can be 
more preferably used for making a DNA chip, for which a 
large amount of a DNA fragment is required, as compared 
with the conventional PCR method. 
[04 73] Example 7 

(1) Preparation of RNA probe 

A method for detecting an amplified fragment 
obtained by the amplification method of the present 
invention was examined. A probe for detection composed of 
ribonucleotides in which two different fluorescent 
substances are attached to the ribonucleotides on both ends 
of the probe was prepared. The RNA probe for detection was 
synthesized using a DNA synthesizer (Applied Biosystems) . 
The nucleotide sequence of the probe is shown in SEQ ID 
NO: 39 of the Sequence Listing. 6-FAM (Glen Research) and 
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TAMRA (Glen Research) were used as fluorescent substances 
to label the probe at the 5 T -terminus and the 3 '-terminus, 
respectively. 

[0474] (2) Amplification reaction and detection 

5 0.1 or 1 ng of the pUC19 DNA was used as a 

template. pUC19 upper 150 2N primer and pUC19 lower 542 2N 
primer having sequences as shown in SEQ ID NOS:40 and 16 of 
the Sequence Listing, respectively, in which the first and 
second bases from the 3 '-terminus of the primer are 
10 ribonucleotides were used as primers. 

[0475] The composition of the reaction mixture was as 
follows. 

[0476] 27 mM phosphate buffer (pH 7.3), 0.01% BSA, 5% 

DMSO, 1 mM each of dNTPs, 8 mM magnesium acetate, 60 pmol 
15 each of the primers, 0.1 or 1 ng of the DNA as the template, 
0.1 |ng of the RNA probe and sterile distilled water to a 
reaction volume of 48 jil . One without the DNA as the 
template was also prepared as a control. 

[0477] The reaction mixture was heat-denatured at 98 °C 
20 for 1 minute, and then cooled to 55°C. 22 U of Bca BEST 
DNA polymerase or sterile water, and 60 U of E. coli RNase 
H were added thereto, and the mixture was incubated at 55 °C 
for 60 minutes. Thereafter, 5 |Lil of 10% sodium dodecyl 
sulfate (SDS; Nacalai Tesque) was added to the mixture to 
25 inactivate the enzymes. 50 \±1 of the reaction mixture was 



diluted with an equal volume of sterile water and 
transferred to a microplate . An image analyzer EM BIO II 
Multi-View (Takara Shuzo) was used for detection at an 
excitation wavelength of 505 nm. 

[0478] As a result, no fluorescent signal was detected 
using either of the templates when Bca BEST DNA polymerase 
was not added. Also, no fluorescent signal was detected 
for the reaction mixture containing Bca BEST DNA polymerase 
when the DNA as the template was not added. On the other 
hand, a fluorescent signal was detected when either 0.1 or 
1 ng of the DNA as the template was added. An amplified 
fragment of about 190 bp of interest was also observed by 
electrophoresis on 3% agarose gel containing 0.00003% 
ethiduim bromide only when 0.1 or 1 ng of the DNA as the 
template was added in the presence of Bca BEST DNA 
polymerase. That is, the same results were obtained by the 
detection method using an RNA probe and the conventional 
electrophoretic detection method. Thus, a method for 
detecting an amplified fragment obtained by the 
amplification method of the present invention using an RNA 
probe was established. 
[0479] Example 8 

Use of a primer composed of deoxyribonucleotides 
as one of the two primers in the method of the present 
invention was examined. MR1N3 (30) having a sequence as 
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shown in SEQ ID NO: 41 of the Sequence Listing and M4 primer 
(Takara Shuzo) having a sequence as shown in SEQ ID NO: 42 
of the Sequence Listing were used as primers. In the MR1N3 
primer, the first to third bases from the 3 '-terminus are 
ribonucleotides. The composition of the reaction mixture 
was as follows. 

[0480] 27 mM phosphate buffer (pH 7.3), 0.01% bovine 
serum albumin (BSA) , 5% DMSO, 1 mM each of dNTPs, 8 mM 
magnesium acetate, 30 pmol each of the primers, 1 ng of the 
DNA as the template and sterile distilled water to a 
reaction volume of 24 ]il . 

[0481] The reaction mixture was heat-denatured at 98 °C 
for 2 minutes, and then cooled to 55°C. 11 U of Bca BEST 
DNA polymerase and 30 U of E. coli RNase H were added 
thereto to make the reaction volume to 25 |jl . The reaction 
mixture was incubated at 55°C for 60 minutes. Thereafter, 
the mixture was heated at 90°C for 2 minutes to inactivate 
the enzymes. 5 pil of the reaction mixture was subjected to 
electrophoresis on 4% NuSieve 3:1 agarose gel. As a result, 
an amplified fragment of interest was observed. 
[0482] Example 9 

The method of the present invention was used to 
detect hemorrhagic E. coli 0-157. 

Sequences of the primers used in this Example are 
shown in SEQ ID NOS: 43-46 of the Sequence Listing. In the 



primers, the first, second and the third bases from the 3 T - 
terminus are ribonucleotides. A combination of primers 
having a sequence of SEQ ID NO: 40 or 41, and a combination 
of primers having a sequence of SEQ ID NO: 42 or 43 were 
constructed for detecting a sequence encoding vero toxin 1 
or vero toxin 2 of 0-157 according to the description of 
Rinsho To Biseibutsu (Clinical Microbiology), 18 (4 ): 507-513 
(1991) . Primers in which the first to third bases from the 
3 '-terminus are ribonucleotides were used for the 
amplification method of the present invention . A heat- 
extract prepared by harvesting a culture of hemorrhagic E. 
coli 0-157 (ATCC accession no. 43895), suspending it in 
sterile water at an appropriate cell density and treating 
it at 98°C for 10 minutes was used as a template. The 
composition of the reaction mixture was as follows. 
[0483] 27 mM phosphate buffer (pH 7.3), 0.01% bovine 
serum albumin (BSA) , 5% DMSO, 1 mM each of dNTPs, 8 mM 
magnesium acetate, 60 pmol each of the primers, the DNA as 
the template (the heat-extract) corresponding to 10 4 -10 6 
cells and sterile distilled water to a reaction volume of 
48 nl. 

[0484] The reaction mixture was heat-denatured at 98 °C 

for 1 minute, and then cooled to 55°C. 5.5 U of Bca BEST 
DNA polymerase and 60 U of E. coli RNase H were added 
thereto. The reaction mixture was incubated at 55°C for 60 



minutes. Thereafter, the mixture was heated at 90 °C for 2 
minutes to inactivate the enzymes. 3 jil of the reaction 
mixture was subjected to electrophoresis on 4% NuSieve 3:1 
agarose (Takara Shuzo) gel. 

[0485] As a result, 0-157 vero toxin 1 and 2 could be 
detected using either one of the primer pairs and the DNA 
as the template corresponding to 10 4 cells, confirming that 
the method of the present invention can be utilized as a 
method for detecting a virulent bacterium. 
[0486] Example 10 

Amplification of a long-chain DNA fragment by the 
method of the present invention was examined. A double- 
stranded DNA as a template was prepared as follows. First, 
a library was constructed from mRNA derived from a normal 
gastric tissue using Uni-ZAP XR vector (Stratagene) 
according to a conventional method. The library was 
screened to select clones having an insert of about 2.1 kbp 
or about 4.3 kbp. The clones were used to obtain 
pBluescript SK (-) phage vectors by in vitro excision. 
Amplified fragments of about 2.2 kbp and about 4.4 kbp were 
obtained using the plasmids as templates, MCR-F primer and 
MCR-R primer having sequences as shown in SEQ ID NOS:47 and 
48 of the Sequence Listing, respectively, and PCR 
Amplification kit (Takara Shuzo) . These PCR fragments were 
used as templates for the amplification method of the 
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present invention. MF2N3 (24) primer and MR1N3 (24) primer 
having sequences as shown in SEQ ID NOS:49 and 50 of the 
Sequence Listing, respectively, in which the first to third 
bases from the 3 '-terminus are ribonucleotides were used as 
primers. The composition of the reaction mixture was as 
follows . 

[0487] 28 mM phosphate buffer (pH 7.5), 0.01% bovine 
serum albumin (BSA) , 1% DMSO, 0.5 mM each of dNTPs, 4 mM 
magnesium acetate, 30 pmol each of the primers, 0.2 mM 
putrescine and sterile distilled water to 24.25 ill . The 
reaction mixture was treated at 92 °C for 2 minutes, and 
then cooled to 55°C. 30 U of RNase H and 5.5 U of Bca BEST 
DNA polymerase were added thereto to make the reaction 
volume to 25 (ill . The reaction mixture was incubated for 1 
hour. After the completion of the reaction, the mixture 
was cooled at 4°C, and 2.5 \xl of a 0.5 M EDTA solution 
added thereto to terminate the reaction. 5 jal of the 
mixture was subjected to electrophoresis on 1% agarose gel. 
[0488] As a result, an amplified fragment of about 2.2 
kbp or about 4.4 kbp was obtained by the method of the 
present invention, confirming that the method of the 
present invention can be used to amplify a long-chain DNA 
fragment . 

[0489] Example 11 

A DNA microarray onto which a A DNA fragment of 
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about 400 bp amplified by the amplification method of the 
present invention and X DNA fragments of 300 bp and 1000 bp 
amplified by PCR were spotted was produced. The nucleotide 
sequence of the A DNA is available from GenBank accession 
nos. V00636, J02459, M17233 and X00906. A reaction mixture 
for the amplification method of the present invention was 
prepared as follows. 

[0490] 34 mM Tricine-hydrochloride buffer (pH 8.7), 10 
mM potassium chloride, 10 mM ammonium sulfate, 0.01% bovine 
serum albumin (BSA) , 1% dimethyl sulfoxide, 4 mM magnesium 
acetate, 0 . 5 mM each of dNTPs, 500 pmol each of the primers, 
100 ng of the PCR amplification product as the template, 
110 U of Bca BEST DNA polymerase and 300 U of cloned RNase 
H in a final reaction volume of 500 jal . The reaction 
mixture was mixed to homogeneity, incubated at 55°C for 60 
minutes, and then heated at 90°C for 2 minutes to 
inactivate the enzymes. This solution was used in the 
subsequent steps. The spotted DNA fragments were as 
follows . 

1. Sample: A PCR amplification product (300 bp) 
obtained by using a A DNA as a template and a combination 
of primers having a sequence as shown in SEQ ID NO: 51 or 52 
of the Sequence Listing was subcloned into the pUC19 vector. 
The subcloned product was then PCR- amplified using MCR-F 
primer and MCR-R primer as shown in example 10. The thus 



obtained product as a template and chimeric oligonucleotide 
primers having a sequence as shown in SEQ ID NO: 53 or 54 of 
the Sequence Listing, in which the first and second bases 
from the 3 '-terminus of the primer are ribonucleotides, 
were used to amplify a product of about 400 bp by the 
amplification method of the present invention to obtain the 
Sample. Five DNA solutions, i.e., the reaction mixture at 
its original concentration or 2-, 4-, 8- or 16-fold 
dilutions of the reaction mixture with a carbonate buffer 
(a carbonate buffer at a concentration of 50 mM were used 
for dilution in each case) were used for spotting. 

2. Sample: The DNA fragment amplified in 1 above 
was treated with Microcon-100 (Takara Shuzo) . Then, five 
DNA solutions were prepared by adjusting the concentrations 
to 0.125 |ig/|Lil, 0.25 (Lig/^l, 0.5 |ag/|al, 1.0 fig/fil and 2.0 
|Lig/|Lil with the 50 mM carbonate buffer. 

3. Positive Control: A PCR amplification product 
(300 bp) amplified in 1 above was treated with Microcon- 
100. Then, five DNA solutions were prepared by adjusting 
the concentrations to 0.125 [iq/\il r 0.25 |4,g/|ul, 0.5 \\q/\i±, 
1.0 |ag/jil and 2.0 (ag/(il with the 50 mM carbonate buffer. 

4. Positive Control: A PCR amplification product 
(1000 bp) obtained by using the X DNA as a template and a 
combination of primers having a sequences as shown in SEQ 
ID NO: 55 or 56 of the Sequence Listing was treated with 
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Microcon-100 . Then, four DNA solutions were prepared by 
adjusting the concentrations to 0.125 [iq/\il, 0.25 jxg/|il, 
0.5 |ag/|nl and 1.0 (ag/jal with the 50 mM carbonate buffer. 

5. Negative Control: A PCR amplification product 
(300 bp) obtained by using the A DNA as a template and a 
combination of primers having a sequence as shown in SEQ ID 
NO: 55 or 57 of the Sequence Listing was subcloned into the 
pUC19 vector. The subcloned product was then PCR-amplif ied 
using primers having a sequence as shown in SEQ ID NO: 47 or 
48 of the Sequence Listing. The thus obtained product as a 
template and primers having a sequence as shown in SEQ ID 
NO: 53 or 54 of the Sequence Listing as primers were used to 
amplify a product of about 4 00 bp by the amplification 
method of the present invention to obtain the Negative 
Control. Five DNA solutions, i.e., the reaction mixture at 
its original concentration or 2-, 4-, 8- or 16-fold 
dilutions of the reaction mixture with a carbonate buffer 
(a carbonate buffer at a concentration of 50 mM were used 
for dilution in each case) were used for spotting. 

6. Negative Control: The DNA fragment obtained in 
5 above was treated with Microcon-100. Then, five DNA 
solutions were prepared by adjusting the concentrations to 
0.125 \xq/[il, 0.25 \xg/\il, 0.5 \ig/\xl, 1.0 ^ig/|al and 2.0 

with the 50 mM carbonate buffer. 

[0491] The respective DNA solutions thus prepared were 
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spotted onto a slide glass to which amino groups had been 
introduced (Matsunami Glass) using an equipment for making 
DNA chips (Genetic Microsystems (GMS) ) , and were 
immobilized using UV irradiation. The slide was washed 
5 with 0.2% SDS followed by distilled water, dried, and then 
used as a DNA array. 

[0492] A PCR amplification product (300 bp) amplified in 
1 above was labeled with Cy5 using Label IT Cy5 R Labeling 
Kit (Takara Shuzo) for use as a probe. Hybridization was 

10 carried out using a prehybridization solution and a 
hybridization solution as described in the instructions 
attached to IntelliGene (Takara Shuzo) . First, the DNA 
array was subjected to prehybridization at room temperature 
for 2 hours. The hybridization solution containing the 

15 denatured Cy5-labeled probe was dripped onto the DNA array. 

A cover glass was mounted thereon. The sides of the cover 
glass were sealed with a film. The sealed DNA array was 
incubated at 65°C for 13 hours. After the cover glass was 
removed, the DNA array was washed in 2 x SSC at 65°C for 5 

20 minutes, in a solution containing 0.2 x SSC and 0.1% SDS at 
65°C for 5 minutes, and finally in 0.2 x SSC at room 
temperature for 5 minutes, and air-dried. The DNA array 
was then subjected to a microarray scanner (GMS) to analyze 
the fluorescent signals from the respective spots. 

25 [0493] As a result, a fluorescent signal was observed at 
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each of the positions onto which fragments amplified by the 
PCR method (the Positive Controls as described above in 3 
and 4) and the method of the present invention (the Samples 
as described above in 1 and 2) were spotted. The 
5 intensities of the signals were as follows: the Sample 2 > 
the Positive Control 4 > the Sample 1 > the Positive 
Control 3, On the other hand, no signal was observed at 
all for the Negative Controls 5 and 6. From these results, 
it was confirmed that an unpurified or purified DNA 

10 fragment amplified by the method of the present invention 
can be preferably used as a DNA fragment to be immobilized 
to make a DNA chip. 
[0494] Example 12 

(1) The designing of a primer used in the method 

15 of the present invention in which a PCR-amplif ied fragment 
was used as a template was examined. First, Rl-Sl primer, 
R1-A3 primer, R2-S1 primer, R2-A3 primer, R3-S1 primer and 
R3-A3 primer having sequences as shown in SEQ ID NOS: 58-63 
of the Sequence Listing respectively, were synthesized 

20 according to a conventional method. The structures of the 
respective primers are as follows. 

(i) Rl-Sl primer: From the 5 T -terminus, 7 bases 
of a spacer sequence, 17 bases of a M13RV sequence (or RV 
sequence; the nucleotide sequence of M13RV primer (Takara 

25 Shuzo) ) and 20 bases of a sense primer sequence for A DNA- 



specific PCR; 

(ii) R1-A3 primer: From the 5 ? -terminus, 7 bases 
of a spacer sequence, 17 bases of the M13RV sequence and 20 
bases of an antisense primer sequence for A DNA-specific 
PCR; 

(iii) R2-S1 primer: From the 5 '-terminus, 25 
bases of a spacer sequence, 17 bases of the M13RV sequence 
and 20 bases of a sense primer sequence for A DNA-specific 
PCR; 

(iv) R2-A3 primer: From the 5 '-terminus, 25 bases 
of a spacer sequence, 17 bases of the M13RV sequence and 20 
bases of an antisense primer sequence for A DNA-specific 
PCR; 

(v) R3-S1 primer: From the 5'-terminus, 58 bases 
of a spacer sequence, 17 bases of the M13RV sequence and 20 
bases of a sense primer sequence for A DNA-specific PCR; 
and 

(vi) R3-A3 primer: From the 5 '-terminus, 58 bases 
of a spacer sequence, 17 bases of the M13RV sequence and 20 
bases of an antisense primer sequence for A DNA-specific 
PCR. 

[0495] M13RV 20mer has a sequence of a total of 20 bases 
consistinq of 17 bases of the M13RV sequence and 3 bases at 
the 5 '-terminus. Therefore, when M13RV 20 mer is used in 
the method of the present invention, the lengths of the 
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spacer sequences in the above-mentioned primers become 4 
bases, 22 bases and 55 bases, respectively. Primers 
without a spacer sequence were also made as controls for 
the above-mentioned primers. 
5 [0496] For example, when the primer pair, Rl-Sl 

primer/Rl-A3 primer, is used, an amplified fragment of 348 
bp is obtained. 7 bases on both ends of the amplified 
fragment correspond to the spacer portions. The RV 
sequences are located inside the spacer portions. The A 

10 DNA sequences are located inside the RV sequences. 

[0497] Similarly, when the primer pair, R2-S1 primer/R2- 
A3 primer, is used, an amplified fragment of 384 bp in 
which 25 bases on both ends of the amplified fragment 
correspond to the spacer portions is obtained. In addition, 

15 when the primer pair, R3-S1 primer/R3-A3 primer, is used, 
an amplified fragment of 450 bp in which 58 bases on both 
ends of the amplified fragment correspond to the spacer 
portions is obtained. On the other hand, a fragment 
amplified using control primers has no spacer portion. 

20 These PCR- amplified fragments were used as templates for 
the following examination. 

[0498] One of two primers, M13RV-2N 17mer primer or 
M13RV-2N 20mer having a sequence as shown in SEQ ID NO: 64 
or 65 of the Sequence Listing was used in this Example. In 
25 the primers, the first and second bases from the 3 T - 



terminus are ribonucleotides. The reaction was carried out 
as follows. 5 |ul of a mixture of 20 pM of the primer, 
about 20 ng of the template and 0.01% propylenediamine was 
denatured at 98°C for 2 minutes, and then cooled to 55°C. 
Thereafter, 34 mM Tricine buffer (pH 8.7), 10 mM potassium 
chloride, 10 mM ammonium sulfate, 0.01% BSA, 1% DMSO, 4 mM 
magnesium acetate, 0.5 mM each of dNTPs, 1 U of Bca BEST 
DNA polymerase and 15 U of RNase H were added thereto to 
make the final reaction volume to 25 \xl . The reaction 
mixture was incubated at 55 °C for 1 hour. After the 
completion of the reaction, the mixture was cooled to 4°C, 
and then 2.5 [a1 of a 0,5 M EDTA solution was added thereto 
to terminate the reaction. 3 \xl of the reaction mixture 
was subjected to electrophoresis on 3% NuSieve 3:1 agarose 
(Takara Shuzo) gel. As a result, when M13RV-2N 17mer was 
used, increase in amplification efficiency was observed 
depending on the length of the spacer sequence in the 
following order: 25mer > 7mer > 58mer > no spacer sequence. 
When M13RV-2N 20mer was used, increase in amplification 
efficiency was observed depending on the length of the 
spacer sequence in the following order: 22mer > 4mer > 
55mer > no spacer sequence. Furthermore, when the M13RV 
sequences in the primers described above in (i) to (vi) 
were replaced by M13M4 sequences, a similar tendency was 
observed for the relationship between the spacer sequence 



and the amplification efficiency. Thus, it was confirmed 
that, when a linear DNA fragment such as a PCR- amplified 
fragment is used as a template, the designing of primers 
used in the method of the present invention to generate a 
spacer sequence (portion) leads to an increased 
amplification efficiency. 

[0499] (2) Amplification of a template having a high GC 

content in the method for amplifying a nucleotide sequence 
using an elevated reaction temperature was examined. First, 
primers having a sequence as shown in SEQ ID NO: 66 or 67 of 
the Sequence Listing for PCR amplification of a 307-bp 
region (GC content: 62.5%) of CDC2-related protein kinase 
PISS LRE gene (GenBank accession no. AA789328) were 
produced. In addition, primers having a sequence as shown 
in SEQ ID NO: 68 or 69 of the Sequence Listing for PCR 
amplification of a 284-bp region (GC content: 61.3%) of 
Type II cytoskeltal 1 keratin gene (GenBank accession no. 
AA706022) were produced. PCR amplification was carried out 
using these primers and commercially available DNA 
fragments (Research Genetics) as templates. The respective 
PCR- amplified fragments obtained by using the above- 
mentioned primer pairs have spacer sequences and the M13RV 
sequences on both ends. The fragments were used as 
templates for the present invention. 

[0500] M13RV-2N 17mer primer having a sequence as shown 
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in SEQ ID NO: 64 of the Sequence Listing or M13RV-2N 20mer 
primer having a sequence as shown in SEQ ID NO: 65 of the 
Sequence Listing was used in this Example. In the primers, 
the first and second bases from the 3 '-terminus are 
5 ribonucleotides. The reaction was carried out as follows. 
10 (ill of a mixture of 100 pmol of the primer, 20 ng of the 
template and 0.01% propylenediamine was denatured at 98 °C 
for 2 minutes, and then cooled to 55°C or 60°C. Thereafter, 
34 mM Tricine buffer (pH 8.7), 10 mM KC1, 10 mM ammonium 

10 sulfate, 0.01% BSA, 1% DMSO, 4 mM magnesium acetate, 0.5 Hi 
each of dNTPs , 11 U of Bca BEST DNA polymerase and 30 U of 
RNase H were added thereto to make the final reaction 
volume to 50 |ul . The reaction mixture was incubated at 
55°C or 60°C for 1 hour. After the completion of the 

15 reaction, the mixture was cooled to 4°C. 3 jal of the 
reaction mixture was subjected to electrophoresis on 3% 
agarose gel. The results are shown in Table 1 below. 



Table 1 







Gene and 






results of 


amplification 


Reaction 


Primers 


CDC2-related 


Type II 


temperature 


used 




cytoskeltal 


55°C 


M13RV-2N 17mer 


+ + 


++ 




M13RV-2N 20mer 


++ 


++ 


60°C 


M13RV-2N 17mer 


+ 


+ 




M13RV-2N 2 0mer 


++++ 


++++ 



20 



+ to ++++: The degree of amplification was scored in four 



226 



grades . 

-: No amplification was observed. 

[0501] As shown in Table 1, the region of interest was 
efficiently amplified even if a template having a high GC 
content was used. This amplification was accomplished by 
elevating the reaction temperature (from 55°C to 60°C) and 
by using a primer having a higher Tm value as compared with 
an optimal primer for a reaction at 55°C when the reaction 
was carried at 60°C. 

[0502] (3) The relationship between the length of an 

amplified fragment and the amount of the amplification 
product in the method for amplifying a nucleotide sequence 
under high reaction temperature conditions was examined. 
First, a pair of primers having a sequence as shown in SEQ 
ID NO: 70 or 71 of the Sequence Listing for amplifying a 
800-bp region of the lambda DNA (Takara Shuzo) and a pair 
of primers having a sequence as shown in SEQ ID NO: 72 or 73 
of the Sequence Listing for amplifying a 400-bp region of 
the lambda DNA were synthesized according to a conventional 
method. PCR was conducted using one of these primer pairs 
and the X DNA as a template to obtain an amplified fragment. 
An amplified fragment of about 1.1 kbp was also prepared 
using the pUC19-911 plasmid as described in Example 5 (1) 
as a template and MF2 (24) PCR primer and MR1 (24) PCR 
primer, which have sequences as shown in SEQ ID NOS:74 and 
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75 of the Sequence Listing, respectively. The PCR- 
amplified fragments obtained by using the above-mentioned 
primer pairs have spacer sequences and the M13RV or M4 
sequences on both ends. These fragments were used as 
5 templates for the present invention. 

[0503] M13RV-2N 17mer primer or M13RV-2N 20mer primer as 
shown in (2) above was used as a primer in this Example. 
In the primers, the first and second bases from the 3 T - 
terminus are ribonucleotides. A combination of M13M4-3N 

10 20mer primer having a sequence as shown in SEQ ID NO: 76 of 
the Sequence Listing and M13RV-3N 20mer primer having a 
sequence as shown in SEQ ID NO: 77 of the Sequence Listing, 
and a combination of M13M4-3N 24mer primer and M13RV-3N 
24mer primer having sequences as shown in SEQ ID NO: 78 and 

15 79 of the Sequence Listing, respectively, were used for 
amplifying a region of about 1 kbp. In the primers, the 
first to third bases from the 3 '-terminus are 
ribonucleotides. The reaction was carried out as follows. 
10 |^1 of a mixture of 10 pmol of the primer, about 20 ng of 

20 the template and 0.01% propylenediamine was denatured at 
98°C for 2 minutes, and then cooled to 55°C or 60°C. 
Thereafter, 34 mM Tricine buffer (pH 8.7), 10 mM potassium 
chloride, 10 mM ammonium sulfate, 0.01% BSA, 1% DMSO, 4 mM 
magnesium acetate, 0.5 mM each of dNTPs, 11 U of Bca BEST 

25 DNA polymerase and 30 U of RNase H were added thereto to 
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make the final reaction volume to 50 jxl . The reaction 
mixture was incubated at 55 °C or 60 °C for 1 hour. After 
the completion of the reaction, the mixture was cooled to 
4°C, and then 5 \xl of a 0.5 M EDTA solution was added 
thereto to terminate the reaction. 3 \xl of the reaction 
mixture was subjected to electrophoresis on 3% NuSieve 3:1 
agarose (Takara Shuzo) gel. The results are shown in 
Tables 2 and 3 below. 



Table 2 







Length of 


amplified fragment 






and results 


Reaction 


Primers 


400 bp 


800 bp 


temperature 


used 




55°C 


M13RV-2N 17mer 


++ 


+ + 




M13RV-2N 20mer 


+ + 


++ 


60°C 


M13RV-2N 17mer 


+ 


+ 




M13RV-2N 2 0mer 


++++ 


++++ 



+ to ++++: The degree of amplification was scored in four 
grades . 



- : No amplification was observed. 

[0504] As shown in Table 2, fragments for regions of 400 
bp and 800 bp were efficiently amplified by making the 
length of the primer for amplification from 17mer to 20mer 
and by elevating the reaction temperature from 55°C to 60°C. 
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Table 3 



Reaction 




Primers 






Length of amplified 


temperature 




used 






fragment and results 
1034bp 


55°C M13RV- 


■3N 


2 0mer & M13M4- 


■3N 


20mer 


++ 


M13RV- 


-3N 


24mer & M13M4- 


■3N 


24mer 


++ 


65 °C M13RV- 


■3N 


2 0mer & M13M4- 


•3N 


2 0mer 


+ 


M13RV- 


■3N 


24mer & M13M4- 


■3N 


24mer 


++++ 



+ to ++++: The degree of amplification was scored in four 
grades . 



-: No amplification was observed. 
5 [0505] Furthermore, as shown in Table 3, a fragment for 

a region of about 1 kbp was efficiently amplified by making 
the length of the primer for amplification from 20mer to 
24mer and by elevating the reaction temperature from 55°C 
to 65°C. Additionally, similar results were obtained for 

10 amplification of a long-chain DNA fragment as described in 
Example 10 by using longer primers and an elevated reaction 
temperature. Increase in amplification efficiency was 
observed when a region of about 2 kbp or longer was 
amplified. 

15 [0506] Example 13 

(1) Use of a heat-resistant DNA polymerase other 
than Bca BEST DNA polymerase in the method of the present 
invention was examined. Bst DNA polymerase (New England 
Biolabs) was used as a heat-resistant DNA polymerase. A 

20 pair of primers, 5 ? -ID primer and 3 T -ID primer having 
sequences as shown in SEQ ID NOS:80 and 81 of the Sequence 
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Listing, respectively, were synthesized according to a 
conventional method. PCR was carried out using the primer 
pair and a commercially available DNA fragment for cyclin A 
gene (Research Genetics) as a template, resulting in an 
amplified fragment of about 300 bp. The PCR- amplified 
fragment obtained by using the primer pair has the M13RV 
sequences on both ends. The fragment was used as a 
template for the present invention. 

[0507] M13RV-2N 17mer primer having a sequence as shown 
in SEQ ID NO: 64 of the Sequence Listing was used as a 
primer in this Example. In the primer, the first and 
second bases from the 3 1 -terminus are ribonucleotides. The 
reaction was carried out as follows. 10 \xl of a mixture of 
20 |iM of the primer, about 20 ng of the template and 0.01% 
propyl enediamine was denatured at 98 °C for 2 minutes, and 
then cooled to 55°C. Thereafter, 34 mM Tricine buffer (pH 
8.7), 10 mM potassium chloride, 10 mM ammonium sulfate, 
0.01% BSA, 1% DMSO, 4 mM magnesium acetate, 0 . 5 mM each of 
dNTPs, 4, 8, 12 or 16 U of Bst DNA polymerase and 30 U of 
RNase H were added thereto to make the final reaction 
volume to 50 (Lil . As a control, a reaction mixture having a 
composition identical with the above-mentioned one was 
prepared, except that 11 U of Bca BEST DNA polymerase was 
used. The reaction mixture was incubated at 55°C for 1 
hour. After the completion of the reaction, the mixture 



was cooled to 4°C, and then 5 [il of a 0.5 M EDTA solution 
was added thereto to terminate the reaction. 3 |al of the 
reaction mixture was subjected to electrophoresis on 3% 
NuSieve 3:1 agarose (Takara Shuzo) gel. As a result, an 
amplified fragment of interest was obtained using each of 
the various units of Bst DNA polymerase. Thus, it was 
confirmed that heat-resistant DNA polymerases can be 
preferably used in the method of the present invention. 
[0508] (2) Use of a mesophilic DNA polymerase in the 

method of the present invention was examined. 5'^3'exo 
activity (-) Klenow fragment (Takara Shuzo) was used as a 
mesophilic DNA polymerase. The DNA prepared in (1) above 
was used a template DNA for the method of the present 
invention. 

[0509] M13RV-2N 16mer primer having a sequence as shown 
in SEQ ID NO: 82 of the Sequence Listing was used as a 
primer in this Example. In the primer, the first and 
second bases from the 3 '-terminus are ribonucleotides. The 
reaction was carried out as follows. 10 jal of a mixture of 
20 (jM of the primer, about 20 ng of the template and 0.01% 
propylenediamine was denatured at 98 °C for 2 minutes, and 
then cooled to 40°C. Thereafter, 34 mM Tricine buffer (pH 
8.7), 10 mM potassium chloride, 10 mM ammonium sulfate, 
0.01% BSA, 1% DMSO, 4 mM magnesium acetate, 0 . 5 mM each of 
dNTPs, 0, 2, 4, 6 or 8 U of Klenow fragment and 30 U of 




232 

RNase H were added thereto to make the final reaction 
volume to 50 . The reaction mixture was incubated at 
40°C for 1 hour. After the completion of the reaction, the 
mixture was cooled to 4°C, and then 5 \il of a 0.5 M EDTA 
5 solution was added thereto to terminate the reaction. 3 \xl 
of the reaction mixture was subjected to electrophoresis on 
3% NuSieve 3:1 agarose (Takara Shuzo) gel. As a result, an 
amplified fragment of interest was obtained in cases where 
the various units of Klenow fragment were used excluding 

10 the case where no Klenow fragment was added. Thus, it was 
confirmed that mesophilic DNA polymerases can be preferably 
used in the method of the present invention. 
[0510] Example 14 

Chimeric oligonucleotide primers to be used in 

15 the method of the present invention were examined. A DNA 
as a template and primers were synthesized as described in 
Example 1 (1) . The structures of the primers used in this 
Examples are described below in detail: 

Primer Pair 1: A combination of primers having a 

20 nucleotide sequence as shown in SEQ ID NO: 2 or 3 of the 
Sequence Listing and wholly composed of 

deoxyribonucleotides ; 

Primer Pair 2: A combination of primers having a 
nucleotide sequence as shown in SEQ ID NO: 83 or 84 of the 

25 Sequence Listing in which the sixth and seventh 



deoxyribonucleotides from the 3 '-terminus are 

ribonucleotides; 

Primer Pair 3: A combination of primers having a 
nucleotide sequence as shown in SEQ ID NO: 85 or 86 of the 
Sequence Listing in which the fifth and sixth 
deoxyribonucleotides from the 3 T -terminus are 

ribonucleotides ; 

Primer Pair 4: A combination of primers having a 
nucleotide sequence as shown in SEQ ID NO: 87 or 88 of the 
Sequence Listing in which the fourth and fifth 
deoxyribonucleotides from the 3 '-terminus are 

ribonucleotides ; 

Primer Pair 5: A combination of primers having a 
nucleotide sequence as shown in SEQ ID NO:89 or 90 of the 
Sequence Listing in which the third and fourth 
deoxyribonucleotides from the 3 '-terminus are 

ribonucleotides; 

Primer Pair 6: A combination of primers having a 
nucleotide sequence as shown in SEQ ID NO: 91 or 92 of the 
Sequence Listing in which the second and third 
deoxyribonucleotides from the 3 '-terminus are 

ribonucleotides; 

Primer Pair 7: A combination of primers having a 
nucleotide sequence as shown in SEQ ID NO: 93 or 94 of the 
Sequence Listing in which the first and second 



deoxyribonucleotides from the 3 '-terminus are 

ribonucleotides ; and 

Primer Pair 8: A combination of primers having a 
nucleotide sequence as shown in SEQ ID NO: 91 or 92 of the 
Sequence Listing in which the second and third 
deoxyribonucleotides from the 3 '-terminus are 

ribonucleotides and the phosphate bond on the 5 '-terminal 
side of the third ribonucleotide from the 3' -terminus is 
replaced by a phosphorothioate bond. 

[0511] Amplification conditions and detection method 
were as described in Example 1 (2) and (3) . As a result, 
an amplified fragment having a length of interest was 
observed for each of the Primer Pairs 2-8. For the Primer 
Pairs 2-7, the amount of the amplification product 
increased as the number of deoxyribonucleotides at the 3'- 
terminus decreased. Particularly, the most abundant 

amplification product was observed for the Primer Pair 7 
having no deoxyribonucleotide at the 3 '-terminus. On the 
other hand, no amplified fragment was observed for the 
Primer Pair 1. Furthermore, the fact that amplified 
fragments of interest were observed for both of the Primer 
Pairs 6 and 8 confirms that both of a modified 
ribonucleotide and a unmodified ribonucleotide can be 
preferably used as a ribonucleotide contained in a primer 
in the method of the present invention. 



[0512] Example 15 

(1) The effect of the type of the buffer used in 
the method of the present invention was examined. Primers 
for amplifying A DNA having sequences represented by SEQ ID 
NOS:128 and 129 were used in this Example. The reaction 
was carried out as follows. Briefly, 10 \il of a mixture 
containing 120 pmol each of the primers, 0.01% aqueous 
solution of propylenediamine and 10 ng or 1 ng of a DNA as 
a template was heat-denatured at 98 °C for 2 minutes, and 
then cooled on ice to anneal the primers to the template 
DNA. An amplified product (1005 bp) obtained by a PCR 
using A DNA (Takara Shuzo) as a template and primers 
represented by SEQ ID NOS:130 and 131, which was then 
purified using Suprec02 (Takara Shuzo), was used as the 
template . 

[0513] After annealing, 40 jjl of one of three types of 
buffers for reaction (42.5 mM Tricine-potassium hydroxide 
buffer (pH 8.5), 42.5 mM Bicine-potassium hydroxide buffer 
(pH 8.3) and 42.5 mM HEPES-potassium hydroxide buffer (pH 
7.8)) each containing 0.625 mM each of dNTPs, 5.0 mM 
magnesium acetate, 0.0125% bovine serum albumin (BSA) , 
1.25% dimethyl sulfoxide (DMSO) , 30 U of E. coli RNase H 
and 11 U of BcaBEST DNA polymerase was added to the mixture 
to make the final volume to 50 ]il . The reaction mixtures 
were incubated at 60 °C for 1 hour. After reaction, 3 p.1 
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each of the reaction mixtures was subjected to 
electrophoresis on 3.0% agarose gel for confirmation. Then, 
the amplified fragments of interest were observed for both 
of the amounts of the template . In particular, a greater 
5 amount of amplification product was obtained for the 
reaction system containing Bicine-potassium hydroxide 
buffer (pH 8.5) . 

[0514] (2) Improvement of reactivity by the use of 

HEPES-potassium hydroxide buffer was examined. pUC19 
10 plasmid DNA with a DNA fragment of about 150 bp being 
inserted into the multi-cloning site was used as a template. 
This template was prepared as follows. 

[0515] A PCR was carried out using pUC19 upper 150 PCR 
primer and pUC19 lower PCR primer having sequences 

15 represented by SEQ ID NOS:223 and 224, and 100 pg of pUC19 
plasmid DNA as a template. The resulting amplified 
fragment was purified using Microcon-100, blunt-ended using 
DNA blunting kit (Takara Shuzo) and subcloned into a Hindi 
site of the plasmid pUC19. The plasmid with the amplified 

20 fragment being inserted was used to transform Escherichia 
coli JM109. The transf ormant was cultured. The plasmid 
having the inserted DNA was purified from the cells using 
QIAGEN plasmid mini kit (Qiagen) and used as a template. 
[0516] A DNA fragment PCR- amplified using the pUC19-150 

25 plasmid DNA prepared as described above as a template, and 



primers MCS-F and MCS-R having nucleotide sequences 
represented by SEQ ID NOS:124 and 125 was used as a 
template. Primers MF2N3(24) and MR1N3(24) having 

nucleotide sequences represented by SEQ ID NOS:126 and 127 
were used as chimeric oligonucleotide primers. The 
expected size of the amplified fragment obtained using the 
combination of these primers was about 350 bp. 
[0517] An HEPES-potassium hydoxide buffer system was 
selected as a buffer to be examined. A potassium phosphate 
buffer system and a Tricine buffer system were used as 
controls. The compositions of the reaction mixtures are 
shown below. 

[0518] Reaction mixture A: 10 ng of the PCR- amplified 

fragment, 50 pmol each of the primers MF2N3(24) and 
MR1N3(24), 0.01% aqueous solution of propylenediamine and 
sterile distilled water to a reaction volume of 10 \il . 

[0519] Reaction mixtures B: The following three types 
were prepared. 

[0520] Potassium phosphate buffer system: 40 p.1 of a 
reaction mixture containing, at final concentrations, 35 mM 
potassium phosphate buffer (pH 7.5), 1.25% DMSO, 0.0125% 
BSA, 5 mM magnesium acetate, 0.625 mM each of dNTPs, 60 U 
of E. coli RNase H and 5.5 U of BcaBEST DNA polymerase was 
prepared. 

[0521] Tricine buffer system: 40 jjl of a reaction 
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mixture containing, at final concentrations, 42.5 mM 
Tricine buffer (pH 8.7), 12.5 mM potassium chloride, 12.5 
mM ammonium sulfate, 1.25% DMSO, 0.0125% BSA, 5 mM 
magnesium acetate, 0.625 mM each of dNTPs, 30 U of E. coli 
5 RNase H and 5.5 U of BcaBEST DNA polymerase was prepared. 

[0522] HEPES-potassium hydroxide buffer system: 40 \il of 
a reaction mixture containing, at final concentrations, 25 
mM HEPES-potassium hydroxide buffer (pH 7.8), 125 mM 
potassium acetate, 1.25% DMSO, 0.0125% BSA, 5 mM magnesium 

10 acetate, 0.625 mM each of dNTPs, 30 U of E. coli RNase H 
and 5.5 U of BcaBEST DNA polymerase was prepared. 
[0523] The reaction mixture A was heat-denatured at 98 °C 
for 2 minutes, cooled to 60 °C or 65 °C and then allowed to 
stand on ice. One of the reaction mixtures B was added to 

15 the reaction mixture A on ice and mixed to make the 
reaction volume to 50 y.1 . The reaction mixtures were 
incubated at 60 °C or 65 °C for 1 hour. After reaction, they 
were cooled to 4°C, and 1/10 volume of 0.5 M EDTA was added 
to each of the mixtures to terminate the reaction. 3 ]il 

20 each of the reaction mixtures was subjected to 
electrophoresis on 3% NuSieve 3:1 agarose gel. As a result, 
the amplified fragments of interest were observed for the 
three buffer systems regardless of the reaction temperature 
used. In particular, the largest amount of the 

25 amplification product and the highest reactivity were 



observed for the HEPES-potassium hydroxide buffer system in 

this Example. 

[0524] Example 16 

(1) Conditions used in the method of the present 
invention for annealing primers to a template were examined. 
Primers having nucleotide sequences represented by SEQ ID 
NOS:132 and 133 based on the partial nucleotide sequence of 
a bacterium Flavobacterium sp. SA-0082 as described in WO 
97/32010 (deposited at the International Patent Organism 
Depositary, National Institute of Advanced Industrial 
Science and Technology, AIST Tsukuba Central 6, 1-1, 
Higashi 1-chome, Tsukuba-shi, Ibaraki-ken 305-8566, Japan 
on March 29, 1995 under accession number FERM P-14872, and 
deposited at the International Patent Organism Depositary, 
National Institute of Advanced Industrial Science and 
Technology under accession number FERM BP-5402 (date of 
request for transmission to international depositary 
authority: February 15, 1996)) were used. An amplified 
product (573 bp) obtained by a PCR using a genomic DNA from 
Flavobacterium sp. SA-0082 as a template and a combination 
of primers represented by SEQ ID NOS:134 and 135, which was 
then purified using Suprec02 (Takara Shuzo) , was used as 
the DNA as the template in this Example. The reaction was 
carried out as follows. Briefly, 2 jjl of one of two 
annealing solutions (500 mM potassium chloride and 8 yM 
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spermidine, or 0.05% propylenediamine) was added to 120 
pmol each of the primers. A final volume of 10 yl of each 
of the mixtures further containing 10 ng or 1 ng of the 
PCR-amplif ied fragment was heat-denatured at 98 'C for 2 
minute. After denaturation, the mixtures were rapidly 
cooled on ice to anneal the primers to the template. 
[0525] After annealing, 40 \il of one of three types of 
buffers (42.5 mM Tricine-potassium hydroxide buffer (pH 
8.5), 42.5 mM Bicine-potassium hydroxide buffer (pH 8.3) 
and 42.5 mM HEPES-potassium hydroxide buffer (pH 7.8)) each 
containing 0.625 mM each of dNTPs, 5 . 0 mM magnesium acetate, 
0.0125% bovine serum albumin (BSA) , 1.25% dimethyl 
sulfoxide (DMSO) , 30 U of E. coli RNase H and 11 U of 
BcaBEST DNA polymerase was added to the mixture to make the 
final volume to 50 \il . The reaction mixtures were 
incubated at 52 °C for 1 hour. After reaction, 3 \il each of 
the reaction mixtures was subjected to electrophoresis on 
3.0% agarose gel. The results are shown in Figure 1. 
Figure 1 is a photograph of electrophoresis of reactions 
using the respective combinations of the annealing 
solutions and the buffers. Lane 1: molecular weight marker 
(100 bp ladder, Takara Shuzo) ; lane 2: 

propylenediamine/Tricine (template: 10 ng) ; lane 3: 
propylenediamine/HEPES (template: 10 ng) ; lane 4: 
propylenediamine/HEPES (template: 1 ng) ; lane 5: 



propylenediamine/Bicine (template: 10 ng) ; lane 6: 
propylenediamine/Bicine (template: 1 ng) ; lane 7; 500 mM 
potassium chloride and 8 yM spermidine/Bicine (template: 10 
ng) ; lane 8: 500 mM potassium chloride and 8 yM 
5 spermidine/Bicine (template: 1 ng) ; lane 9: molecular 
weight marker (100 bp ladder); lane 10: 

propylenediamine/Tricine (template: 1 ng) ; lane 11: 500 mM 
potassium chloride and 8 yM spermidine/Tricine (template: 1 
ng) ; lane 12: propylenediamine/HEPES (template 1 ng) ; lane 
10 13: 500 mM potassium chloride and 8 yM spermidine/HEPES 
(template: 1 ng) ; lane 14: propylenediamine/Bicine 
(template: 1 ng) ; and lane 15: 500 mM potassium chloride 
and 8 yM spermidine/Bicine (template: 1 ng) . 

[0526] As shown in Figure 1, a greater amount of the 
15 amplification product of interest was obtained when the 
annealing solution containing 500 mM potassium chloride + 8 
yM spermidine was used for the annealing of the primers to 
the template DNA for either of the three buffers regardless 
of the amount of the DNA as the template. In particular, 
20 the combination of the annealing solution containing 500 mM 
potassium chloride + 8 yM spermidine and the Bicine- 
potassium hydroxide buffer yielded good results in this 
Example . 

[0527] (2) The effect of an annealing solution in case 

25 where a PCR- amplified fragment from X DNA was used as a 



template was examined. The chimeric oligonucleotide 

primers as described in Example 15(1) were used in this 
Example* The PCR- amplified fragment as prepared in Example 
15(1) or X DNA was used as a template DNA. The reaction 
was carried out as follows. Briefly, 2 \xl of one of three 
types of annealing solutions (500 mM potassium chloride and 
8 yM spermidine, 0.05% propylenediamine, or sterile water) 
was added to 120 pmol each of the primers. 10 jjl of the 
mixtures further containing 10 ng or 1 ng of the PCR- 
amplified fragment were prepared. The mixtures were heat- 
denatured at 98 °C for 2 minutes, and then rapidly cooled on 
ice to anneal the primers to the template. 

[0528] After annealing, 40 pi of one of three types of 
buffers (42.5 mM Tricine-potassium hydroxide buffer (pH 
8.5), 42.5 mM Bicine-potassium hydroxide buffer (pH 8.3) 
and 42.5 mM HEPES-potassium hydroxide buffer (pH 7.8)) each 
containing 0.625 mM each of dNTPs, 5 . 0 mM magnesium acetate, 
0.0125% BSA, 1.25% DMSO, 30 U of E. coli RNase H and 11 U 
of BcaBEST DNA polymerase was added to the mixture to make 
the final volume to 50 pi. The reaction mixtures were 
incubated at 60 °C for 1 hour. After reaction, 3 \il each of 
the reaction mixtures was subjected to electrophoresis on 
3.0% agarose gel. The results are shown in Figure 2. 
Figure 2 is a photograph of electrophoresis showing the 
results for the examination of combinations of the amounts 
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of the template, the reaction buffers and the annealing 
solutions. Lane 1: marker (100 bp ladder); lane 2: 10 ng 
of the template, a combination of Tricine/500 mM potassium 
chloride and 8 yM spermidine; lane 3: 1 ng of the template, 
5 a combination of Tricine/500 mM potassium chloride and 8 yM 
spermidine; lane 4: 10 ng of the template, a combination of 
Bicine/500 mM potassium chloride and 8 yM spermidine; lane 
5: 1 ng of the template, a combination of Bicine/500 mM 
potassium chloride and 8 yM spermidine; lane 6: 10 ng of 

10 the template, a combination of HEPES/500 mM potassium 
chloride and 8 yM spermidine; lane 7: 1 ng of the template, 
a combination of HEPES/500 mM potassium chloride and 8 yM 
spermidine; lane 8: molecular weight marker (100 bp 
ladder); lane 9: 10 ng of the template, a combination of 

15 Tricine/propylenediamine; lane 10: 1 ng of the template, a 
combination of Tricine/propylenediamine; lane 11: 10 ng of 
the template, a combination of Bicine/propylenediamine; 
lane 12: 1 ng of the template, a combination of 
Bicine/propylenediamine; lane 13: 10 ng of the template, a 

20 combination of HEPES/propylenediamine; lane 14: 1 ng of the 
template, a combination of HEPES/propylenediamine; lane 15: 
molecular weight marker (100 bp ladder) ; lane 16: 10 ng of 
the template, a combination of Tricine/water ; lane 17: 1 ng 
of the template, a combination of Tricine/water; lane 18: 

25 10 ng of the template, a combination of Bicine/water ; lane 
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19: 1 ng of the template, a combination of Bicine/water; 
lane 20: 10 ng of the template, a combination of 
HEPES/water; and lane 21: 1 ng of the template, a 
combination of HEPES/water. 
5 [0529] As shown in Figure 2, the amplified fragments of 
interest were observed for the respective combinations of 
the three buffers and the three annealing solutions 
regardless of the amount of the template DNA. In 
particular, it was confirmed that a greater amount of the 

10 amplified fragment was obtained using the combination of 
the Bicine buffer and the annealing solution containing 500 
mM potassium chloride and 8 yM spermidine. 
[0530] Example 17 

The effect of the presence of an inhibitor of 

15 reverse transcriptase (RTase) on the method of the present 
invention was examined. Phosphonof ormic acid (PFA) was 
used as an inhibitor of RTase. Primers represented by SEQ 
ID NOS:136 and 137 were used in this Example. An amplified 
product (57 6 bp) obtained by a PCR using a genomic DNA from 

20 enterohemorrhagic Escherichia coli 0-157 as a template and 
primers represented by SEQ ID NOS:138 and 139, which was 
then purified using Suprec02 (Takara Shuzo) , was used as 
the template DNA. The reaction was carried out as follows. 
Briefly, 10 \il of a mixture prepared by adding 1 ng of the 

25 PCR- amplified fragment to 120 pmol each of the primers and 
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2 pi of an annealing solutions containing 500 mM potassium 
chloride and 8 pM spermidine was heat-denatured at 98 °C for 
2 minutes, and then rapidly cooled on ice to anneal the 
primers to the template, 
5 [0531] After annealing, 40 pi of a mixture containing 
0*625 mM each of dNTPs, 42.5 mM Tricine-potassium hydroxide 
buffer (pH 8.5), 5.0 mM magnesium acetate, 0.0125% bovine 
serum albumin (BSA) , 1.25% dimethyl sulfoxide (DMSO) , 30 U 
of E. coli RNase H and 11 U of BcaBEST DNA polymerase as 

10 well as PFA to a concentration of 500 pg/ml or 50 pg/ml 
were added to the annealing mixture to make the final 
volume to 50 pi. The reaction mixtures were incubated at 
55 °C for 1 hour. A system without the addition of PFA was 
also prepared as a control. After reaction, 9 pi each of 

15 the reaction mixtures was subjected to electrophoresis on 
3.0% agarose gel. The results are shown in Figure 3. 
Figure 3 is a photograph of electrophoresis which shows the 
effect of the inhibitor of RTase. Lane 1: molecular weight 
marker (100 bp ladder); lane 2: without the addition of 

20 PFA; lane 3: with the addition of PFA at a concentration of 
500 pg/ml; lane 4: with the addition of PFA at a 
concentration of 50 pg/ml. 

[0532] As shown in Figure 3, when PFA was added, non- 
specific amplification was suppressed and the amplified 
2 5 fragment of interest was observed . In particular, it was 
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confirmed that the non-specific amplification products 
which were observed in the system without the addition of 
PFA was not observed and the amplified fragment of interest 
was clearly amplified in the system to which PFA was added 
5 at a concentration of 500 ]jg/ml . 
[0533] Example 18 

The relationship between the length of a fragment 
to be amplified and the detection sensitivity in the method 
of the present invention was examined. 

10 [0534] (1) Primers for amplifying Escherichia coli 0-157 

vero toxin represented by SEQ ID NOS: 140-142 were 
synthesized. The chimeric oligonucleotide primers used in 
Example 17 were also used. The length of a fragment to be 
amplified using each of the combinations of primers was as 

15 follows: 247 bp (SEQ ID NOS: 140 and 137); 168 bp (SEQ ID 
NOS: 141 and 142); 206 bp (SEQ ID NOS: 141 and 137); 135 bp 
(SEQ ID NOS: 136 and 142); and 173 bp (SEQ ID NOS: 136 and 
137) . The purified PCR-amplif ied 576-bp fragment prepared 
in Example 17 was used as a template DNA in this Example. 

20 The reaction was carried out as follows. Briefly, 10 ]il of 
a mixture containing 60 pmol each of the primers, 2 \il of 
0.05% aqueous solution of propylenediamine and 10 fg to 10 
ng of the PCR-amplif ied fragment was heat-denatured at 98 °C 
for 2 minutes and then cooled to 55 °C in Thermal Cycler 

25 Personal (Takara Shuzo) to anneal the primers to the 
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template . 

[0535] After annealing, 40 \xl of a mixture containing 
0.625 itiM each of dNTPs , 42.5 mM Tricine-potassium hydroxide 
buffer (pH 8.5) , 5.0 mM magnesium acetate, 0.0125% bovine 
5 serum albumin (BSA) , 1.25% dimethyl sulfoxide (DMSO) , 30 U 
of E. coli RNase H, 5.5 U of BcaBEST DNA polymerase and 
sterile water was added to the mixture to make the final 
volume to 50 ]il . The reaction mixtures were incubated at 
55 °C for 1 hour. After reaction, 5 yl each of the reaction 

10 mixtures was subjected to electrophoresis on 3.0% agarose 
gel. As a control, detection of 10 fg to 1 pg of the PCR- 
amplified fragment was carried out using primers 
represented by SEQ ID NOS:143 and 144. A 135-bp fragment 
is amplified using the combination of these primers. 50 \il 

15 of a PCR solution containing 60 pmol each of the primers, 5 
]il of 10 x Ex Taq buffer (Takara Shuzo) , 1.25 U of TaKaRa 
Ex Taq DNA polymerase (Takara Shuzo) and 0.2 mM each of 
dNTPs was prepared. The PCR was carried out as follows: 25 
or 30 cycles of 94 °C for 30 seconds, 55°C for 30 seconds 

20 and 72°C for 30 seconds (2 min. 38 sec. /cycle). After 
reaction, 1 \il (ICAN) or 5 jjlI (PCR) each of the reaction 
mixtures was subjected to electrophoresis on 3.0% agarose 
gel. The results are shown in Figure 4 and Table 4. 
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Table 4 

Amplification size (bp) Detection limit 



ICAN (total time: 70 minutes) 

247 100 pg 







168 








100 


fg 






206 








100 


pg 






135 








10 


fg 






173 








100 


fg 


PCR 


(25 


cycles; 


total 


time : 


about 


66 minutes) 








135 








100 


fg 


PCR 


(30 


cycles; 


total 


time : 


about 


8 0 minutes) 








135 








10 


fg 



[0536] Figure 4 is a photograph of electrophoresis which 
shows the detection limits for amplifying a chain length of 
135 bp accomplished by the ICAN (1/50 of the reaction 



5 mixture was loaded) and the PCR (1/10 of the reaction 
mixture was loaded). Lane 1: molecular weight marker (100 
bp ladder); lane 2: ICAN using 1 pg of the template; lane 
3: ICAN using 100 fg of the template; lane 4: ICAN using 10 
f g of the template; lane 5 : PCR (25 cycles ) using 1 pg of 

10 the template; lane 6: PCR (25 cycles) using 100 fg of the 
template; lane 7: PCR (25 cycles) using 10 fg of the 
template; lane 8: PCR (30 cycles) using 1 pg of the 
template; lane 9: PCR (30 cycles) using 100 fg of the 
template; and lane 10: PCR (30 cycles) using 10 fg of the 

15 template. 

[0537] As shown in Table 4, it was confirmed that almost 
the same detection sensitivity as that of the PCR was 
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accomplished by the I CAN. Furthermore, the total reaction 
time for the PCR was about 8 0 minutes, whereas the reaction 
time required for accomplishing the same detection 
sensitivity using the method of the present invention was 
5 7 0 minutes, confirming that the reaction time can be 
shortened by using the method of the present invention. 
[0538] (2) Primers for amplifying X DNA having 

nucleotide sequences represented by SEQ ID NOS:128, 129 and 
145 were synthesized. The length of a fragment to be 

10 amplified using each of the combinations of primers was as 
follows: 151 bp (SEQ ID NOS:128 and 129); and 125 bp (SEQ 
ID NOS:145 and 129). The template DNA prepared in Example 
15(1) was used in this Example. The reaction was carried 
out as follows. Briefly/ 2 \il of an annealing solution 

15 (500 mM potassium chloride and 8 yM spermidine) , 1 fg to 1 

ng of the template were added to 120 pmol each of the 
primers and fill up to 10 \xl by sterile water. The mixture 
was heat-denatured at 98 °C for 2 minutes, and then rapidly 
cooled on ice to anneal the primers to the template. 

20 [0539] After annealing, 40 p.1 of a mixture containing 

0.625 mM each of dNTPs, 42.5 mM Tricine-potassium hydroxide 
buffer (pH 8.5), 5.0 mM magnesium acetate, 0.0125% BSA, 
1.25% DMSO, 30 U of E. coli RNase H and 11 U of BcaBEST DNA 
polymerase was added to the mixture to make the final 

25 volume to 50 \il . The reaction mixtures were incubated at 
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60 °C for 1 hour. After reaction, 3 pi each of the reaction 
mixtures was subjected to electrophoresis on 3.0% agarose 
gel. The results are shown in Table 5. 

5 Table 5 



Amplification size (bp) 


Detection limit 


125 


10 fg 


151 


100 fg 



[0540] As shown in Table 5, it was confirmed that, when 
X DNA was used as a template, a detection sensitivity of as 
low as 10 fg could be also accomplished by examining the 
optimal region . 



10 [0541] (3) A plasmid was prepared by inserting an 

amplified fragment (length: 340 bp) into a plasmid T7Blue 
T-Vector (Takara Shuzo) . The fragment was prepared as 
described in JP-A 9-140383 using synthetic primers for 
amplifying a chrysanthemum viroid gene having nucleotide 

15 sequences represented by SEQ ID NOS:14 6 and 147, and an RNA 
from chrysanthemum infected with the viroid as a template. 
The plasmid was used to transform Escherichia coli JM109 
competent cells (Takara Shuzo) . The transformant was 
cultured in 5 ml of LB medium at 37 °C for 16 hour. The 

20 plasmid was purified from the collected cells using QIAGEN 
Plasmid Mini Kit (Qiagen) according to the manual. 
Dilutions containing 0 fg, 1 fg, 10 fg, 100 fg, 1 pg, 10 pg, 
100 pg or 1 ng of the plasmid in 1 ]il of sterile water were 
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prepared based on the concentration of the plasmid as 
measured using Beckman DU-600 (Beckman) . 1 pil of one of 
the thus prepared plasmid solutions was used as a template 
for 50 yl each of I CAN reaction systems. Primers CSVD-F2 
5 and CSVD-R6 having nucleotide sequences represented by SEQ 
ID NOS:148 and 149 were used in this Example. The reaction 
was carried out as follows. Briefly, 10 ]xl of a mixture 
containing 50 pmol each of the primers, 1 jjlI of the 
prepared plasmid solution and propylenediamine at a final 
10 concentration of 0.01% was prepared. The mixture was 
heated at 98 °C for 2 minutes, cooled to 60 °C, incubated at 
the temperature for 1 minute in Thermal Cycler Personal 
(Takara Shuzo) , and then placed on ice. 

[0542] After annealing, at final concentrations, 20 mM 
15 HEPES-potassium hydroxide buffer (pH 7.8), 100 mM potassium 
acetate, 1% DMSO, 0.01% BSA, 4 mM magnesium acetate, 500 yM 
each of dNTPs, 30 U of E. coli RNase H and 5.5 U of BcaBEST 
DNA polymerase were added to the mixture to make the final 
volume to 50 \il with sterile water. The reaction mixtures 
20 were placed in Thermal Cycler Personal which had been set 
at 60 °C and reacted for 60 minutes. After reaction, 3 \xl 
each of the reaction mixtures was subjected to 
electrophoresis on 3% NuSieve 3:1 agarose. As a result, 
the amplification products of interest (about 90 bp, about 
25 70 bp and about 50 bp) were observed using a template at a 
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concentration of 10 fg. 
[0543] Example 19 

Primers to be used in the method of the present 
invention were examined. 
5 [0544] (1) The Tm value of a primer and the reaction 

temperature were examined. Primers for amplifying 

Flavobacterium sp . SA-0082 having nucleotide sequences 
represented by SEQ ID NOS:132 and 150-152 were synthesized. 
These primers were constructed such that a region of 160 bp 

10 or shorter having a GC content of about 20% was amplified. 

The length of a fragment to be amplified using each of the 
combinations of primers was as follows: 126 bp (SEQ ID 
NOS:132 and 151); 158 bp (SEQ ID NOS:132 and 152); 91 bp 
(SEQ ID NOS:150 and 151); and 123 bp (SEQ ID NOS:150 and 

15 152) . The PCR- amplification product as prepared in Example 
16(1) was used as a DNA as the template in this Example. 
The reaction was carried out as follows. Briefly, 10 pi of 
a mixture containing 120 pmol each of the primers, 2 p.1 of 
one of three types of annealing solutions (500 mM potassium 

20 chloride and 8 yM spermidine, 0.05% propylenediamine, or 
water) and 1 fg to 10 ng of the template was prepared. The 
mixture was heat-denatured at 98 °C for 2 minutes, and then 
cooled on ice to anneal the primers to the template. 
[0545] After annealing, 4 0 \xl of one of three types of 

25 buffers (17 mM Tricine-potassium hydroxide buffer (pH 8.5), 
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17 mM Bicine-potassium hydroxide buffer (pH 8.3) and 20 mM 
HEPES-potassium hydroxide buffer (pH 7.8)) containing 0.625 
mM each of dNTPs, 5.0 mM magnesium acetate, 0.0125% bovine 
serum albumin (BSA) , 1.25% dimethyl sulfoxide (DMSO) , 30 U 
5 of E. coli RNase H and 11 U of BcaBEST DNA polymerase was 
added to the mixture to make the final volume to 50 \il . 
The reaction mixtures were incubated at 52, 55 or 60 °C for 
1 hour. After reaction, 3 jjl each of the reaction mixtures 
was subjected to electrophoresis on 3.0% agarose gel. As a 

10 result, the amplified fragment of interest was observed 
using the reaction temperature of 52 ° C . In particular, a 
greater amount of amplified fragment of interest was 
obtained using the combination of the annealing solution 
containing 500 mM potassium chloride and 8 yM spermidine 

15 and Tricine or Bicine buffer. The primer pair, the length 
of the amplified fragment and the detection sensitivity for 
the reaction temperature of 52 °C are shown in Figure 5 and 
Table 6. 



Table 6 


Amplification size (bp) 


Detection limit 


126 


100 fg 


158 


1 pg 


91 


1 fg 


123 


100 fg 



[0546] Figure 5 is a photograph of electrophoresis which 



shows the relationship between the length of the amplified 
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fragment and the amount of the DNA as the template when an 
AT-rich region was amplified. Lane 1: molecular weight 
marker (100 bp ladder); lane 2: amplification of a fragment 
of 91 bp in length using 1 pg of the template; lane 3; 
5 amplification of a fragment of 91 bp in length using 100 fg 
of the template; lane 4: amplification of a fragment of 91 
bp in length using 10 fg of the template; lane 5: 
amplification of a fragment of 91 bp in length using 1 fg 
of the template; lane 6: amplification of a fragment of 123 

10 bp in length using 1 pg of the template; lane 7: 
amplification of a fragment of 123 bp in length using 100 
fg of the template; lane 8: amplification of a fragment of 
123 bp in length using 10 fg of the template; lane 9: 
amplification of a fragment of 126 bp in length using 1 pg 

15 of the template; lane 10: amplification of a fragment of 
126 bp in length using 100 fg of the template; lane 11: 
amplification of a fragment of 126 bp in length using 10 fg 
of the template; lane 12: amplification of a fragment of 
158 bp in length using 1 pg of the template; lane 13: 

2 0 amplification of a fragment of 158 bp in length using 100 
fg of the template; and lane 14: amplification of a 
fragment of 158 bp in length using 10 fg of the template. 
[0547] As shown in Figure 5 and Table 6, it was 
demonstrated that good results were yielded by lower the 

25 reaction temperature depending on the Tm value of the 
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primer when the method of the present invention was carried 
out using an AT-rich template and a set of AT-rich primers. 
[0548] (2) The higher-order structure of the primer may 

influence the reactivity in the method of the present 
5 invention. Then, modification of the primer for avoiding 
the formation of the higher-order structure of the primer 
and for making the primer readily anneal to the objective 
template was examined. Primers represented by SEQ ID 
NOS:136, 137 and 153-158 were used. Specifically, a primer 

10 having a nucleotide sequence represented by SEQ ID NOS:136, 
primers 12014, 12115 and 12216 which are primers having 
nucleotide sequences represented by SEQ ID NOS:153 to 155 
and having an inosine deoxynucleotide at the fourth, fifth 
or sixth base from the 3 '-terminus, a primer having a 

15 nucleotide sequence represented by SEQ ID NO: 193, and 
primers 12314, 12415 and 12516 which are primers having 
nucleotide sequences represented by SEQ ID NOS:156 to 158 
and having an inosine deoxynucleotide at the fourth, fifth 
or sixth base from the 3 T -terminus were used. The DNA as 

20 the template as prepared in Example 17 was used in this 
Example. The reaction was carried out as follows. Briefly, 
10 ]xl of a mixture containing 50 pmol each of the primers, 
2 ]jl of 0.05% aqueous solution of propylenediamine, 1 ng to 
10 ng of the DNA as the template and sterile distilled 

25 water was heated at 98 °C for 2 minutes, cooled to 55°C, and 
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incubated at the temperature for 1 minute using a thermal 
cycler (GeneAmp PCR System 9600, Applied Biosystems) . 
[0549] After annealing, 0.625 mM each of dNTPs, 42.5 mM 
Tricine-potassium hydroxide buffer (pH 8.5), 5.0 mM 
5 magnesium acetate, 0.0125% BSA, 1.25% DMSO, 30 U of E. coli 
RNase H or 5 U of a heat-resistant RNase H from Thermus 
thermophilus (Tth) (Toyobo, hereinafter referred to as Tth 
RNase H) and 5.5 U of BcaBEST DNA polymerase were added to 
the mixture to make the final volume to 50 ]al with sterile 
10 water. The reaction mixtures were incubated at 55 °C for 1 
hour. After reaction, 5 \il each of the reaction mixtures 
was subjected to electrophoresis on 3.0% agarose gel. The 
results are shown in Figure 6. 

[0550] Figure 6 is a photograph of electrophoresis which 

15 shows the effects on chimeric oligonucleotide primers 
containing inosine deoxynucleotides when E. coli RNase H 
and Tth RNase H were used. Lanes 2 to 9 represent the 
results obtained using E. coli RNase H. Lanes 10 to 17 
represent the results obtained using Tth RNase H. Lane 1: 
20 molecular weight marker (100 bp ladder); lane 2: a pair of 
primers represented by SEQ ID NOS:136 and 137, 1 ng of the 
template; lane 3: a pair of primers 12014 and 12314, 1 ng 
of the template; lane 4: a pair of primers 12115 and 12415, 
1 ng of the template; lane 5: a pair of primers 12216 and 
25 12516, 1 ng of the template; lane 6: a pair of primers 
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represented by SEQ ID NOS:136 and 137, 10 ng of the 
template; lane 7: a pair of primers 12014 and 12314, 10 ng 
of the template; lane 8: a pair of primers 12115 and 12415, 
10 ng of the template; lane 9: a pair of primers 12216 and 
5 12516, 10 ng of the template; lane 10: a pair of primers 
represented by SEQ ID NOS:136 and 137, 1 ng of the 
template; lane 11: a pair of primers 12014 and 12314, 1 ng 
of the template; lane 12: a pair of primers 12115 and 12415, 
1 ng of the template; lane 13: a pair of primers 12216 and 

10 12516, 1 ng of the template; lane 14: a pair of primers 
represented by SEQ ID NOS:136 and 137, 10 ng of the 
template; lane 15: a pair of primers 12014 and 12314, 10 ng 
of the template; lane 16: a pair of primers 12115 and 12415, 
10 ng of the template; and lane 17: a pair of primers 12216 

15 and 12516, 10 ng of the template. 

[0551] As shown in Figure 6, when primers having 
inosines being incorporated at fourth or fifth base from 
the 3 '-termini of the primers were used, the amplification 
products of interest were observed using either of E. coli 

20 RNase H and the heat-resistant RNase H from Thermus 
thermophilus regardless of the amount of the template. 
These results demonstrate that the reactivity of the ICAN 
is improved by incorporating inosine at an appropriate 
position. 

25 [0552] (3) Primers were examined for the same purpose as 
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that in (2) above. Oligonucleotide primers IS and 4S 
having nucleotide sequences represented by SEQ ID NOS:173 
and 174 in which the three bases at the 3 '-terminus were oc- 
S (or alpha-thio) ribonucleotides, i.e., which had 5 f - 
5 phosphothioate bonds in the RNA moieties, were synthesized. 
In addition, oligonucleotide primers 1N3N3 and 4N3N3 having 
nucleotide sequences represented by SEQ ID NOS:159 and 160 
and having ribonucleotides at the three bases from the 3 1 - 
terminus and in a portion of the sequence of the 

10 deoxyribonucleotide moiety, i.e., ribonucleotides at 
eleventh to thirteenth bases from the 3 1 -terminus of the 
primer, were synthesized. The template DNA as prepared in 
Example 17 was used. The reaction was carried out as 
follows. Briefly, 10 \il of a mixture containing 50 pmol 

15 each of the primers, 2 jjl of 0.05% aqueous solution of 
propylenediamine, 10 ng of the DNA as the template and 
sterile water was heated at 98 °C for 2 minutes using a 
thermal cycler, and then placed on ice for cooling. 
[0553] After annealing, 40 \il of a mixture containing 

20 0.625 mM each of dNTPs, 42.5 mM Tr icine-potassium hydroxide 
buffer (pH 8.5), 5.0 mM magnesium acetate, 0.0125% BSA, 
1.25% DMSO, 30 U of E. coli RNase H or 5 U of Tth RNase H 
and 5.5 U of BcaBEST DNA polymerase was added to the 
mixture to make the final volume to 50 pi with sterile 

25 water. The reaction mixtures were incubated at 55 °C for 1 
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hour in a thermal cycler. 

[0554] After reaction, 5 y.1 each of the reaction 
mixtures was subj ected to electrophoresis on 3.0% agarose 
gel . As a result, the amplification product was clearly 
5 observed at the expected position using the combination of 
primers IS and 4S or 1N3N3 and 4N3N3 regardless of the type 
of the RNase H used. These results confirmed that 
modification of a primer at its 3 '-terminus with 5 T - 
phophothioate was effective for the method of the present 

10 invention. Additionally, it was confirmed that 

substitution with a ribonucleotide at an appropriate 
internal position in addition to the 3 '-terminus of a 
primer was effective for improving the reactivity of the 
method of the present invention. 

15 [0555] Example 20 

Use of a DNA polymerase having RNase H activity 
in the presence of a specific metal ion in the method of 
the present invention was examined. 10 jjl of a mixture 
containing 12 0 pmol each of the chimeric oligonucleotide 

20 primers used in Example 15(1), 2 p.1 of an annealing 
solution containing 500 mM potassium chloride and 8 pM 
spermidine, 1 ng of the DNA as the template used in Example 
15(1) and sterile water was heat-denatured at 98 °C for 2 
minutes, and then rapidly cooled on ice to anneal the 

25 primers to the template. After annealing, 40 p.1 of a 
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mixture containing 0.625 mM each of dNTPs, 42.5 mM Tricine- 
potassium hydroxide buffer (pH 8.5), 5.0 mM magnesium 
acetate, 0.0125% bovine serum albumin (BSA) , 1.0% dimethyl 
sulfoxide (DMSO) and 11 U of BcaBEST DNA polymerase, and 
5 manganese chloride (Nacalai Tesque) at a final 
concentration of 0.5, 2.5, 5.0 or 10 mM were added to the 
mixture to make the final volume to 50 \il with sterile 
water. The reaction mixtures were incubated at 60 °C for 1 
hour. In addition, a mixture without the addition of 

10 manganese chloride, and a mixture to which 30 U of E. coli 
RNase H was added but manganese chloride was not added were 
prepared as controls. After reaction, 3 \il each of the 
reaction mixtures was subjected to electrophoresis on 3.0% 
agarose gel. The results are shown in Figure 7. 

15 [0556] Figure 7 is a photograph of electrophoresis which 
shows the results of the ICAN utilizing the RNase H 
activity of BcaBEST DNA polymerase. Lane 1: molecular 
weight marker (100 bp ladder); lane 2: without the addition 
of manganese chloride/with the addition of E. coli RNase H; 

20 lane 3: without the addition of manganese chloride/without 
the addition of E. coli RNase H; lane 4: with the addition 
of 0.5 mM manganese chloride/without the addition of E. 
coli RNase H; lane 5: with the addition of 2.5 mM manganese 
chloride/without the addition of E. coli RNase H; lane 6: 

25 with the addition of 5.0 mM manganese chloride/without the 
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addition of E. coli RNase H; and lane 7: with the addition 
of 10.0 inM manganese chloride/without the addition of E. 
coli RNase H. 

[0557] As shown in Figure 7 , the amplification product 
5 of interest was observed for a reaction system to which 
manganese chloride was added at a concentration of 2.5 mM 
in the absence of E. coli RNase H. 
[0558] Example 21 

The method of the present invention was examined 

10 using a practical biological sample. 

[0559] (1) Detection was carried out using a hot water- 

extract prepared from a culture of enterohemorrhagic 
Escherichia coli 0-157 (ATCC accession number 43895) as a 
template. Enterohemorrhagic Escherichia coli 0-157 was 

15 cultured in mEC medium containing novobiocin at 42 °C for 18 
hours, and then heated at 95 °C for 10 minutes. Hot water- 
extracts of 0-157 corresponding to 0, 1, 10, 10% 10% 10 4 
or 10 5 cells were prepared by diluting the extract with 
sterile water. Vero toxin 2 (VT2) gene was amplified using 

20 one of these hot water-extracts of 0-157 under the same 
conditions as those in Example 18(1). In addition, a PCR 
was carried out using the same template under the 
conditions as described in Example 18(1) as a control. 
After reaction, 1 \il (ICAN) or 5 \il (PCR) each of the 

25 reaction mixtures was subjected to electrophoresis on 3.0% 
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agarose gel. The results are shown in Table 7 and Figure 



Table 7 

Amplification size (bp) Detection limit (cells) 

I CAN (total time: 70 minutes) 

135 10 2 
173 10 3 



PCR (25 cycles; total time: about 66 minutes) 
135 10 3 

PCR (30 cycles; total time: about 8 0 minutes") 
135 10 2 

[0560] Figure 8 is a photograph of electrophoresis which 
5 shows the detection of Escherichia coli 0157 using ICAN or 
PCR. The chain length to be amplified was 135 bp. Lane 1: 
molecular weight marker (100 bp ladder); lane 2: ICAN for 
10 4 cells; lane 3: ICAN for 10 3 cells; lane 4: ICAN for 10 2 
cells; lane 5: PCR of 25 cycles for 10 4 cells; lane 6: PCR 
10 of 25 cycles for 10 3 cells; lane 7: PCR of 25 cycles for 
10 2 cells; lane 8: PCR of 30 cycles for 10 4 cells; lane 9: 
PCR of 30 cycles for 10 3 cells; and lane 10: PCR of 30 
cycles for 10 2 cells . 

[0561] As shown in Table 7 and Figure 8, it was 
15 confirmed that the detection sensitivity of the detection 
method of the present invention was equivalent to that of 
the PCR, and that the method of the present invention 
required shorter time for detection as compared with that 
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required for the PCR. 

[0562] (2 ) X DNA was detected using the primers 

represented by SEQ ID NOS:129 and 145 used in Examples 15 
and 17. The reaction was carried out as follows. Briefly, 
5 10 ]il of a mixture containing 120 pmol each of the primers, 
2 \il of an annealing solution containing 500 mM potassium 
chloride and 8 yM spermidine, 10 fg to 1 ng of A DNA 
(Takara Shuzo) and sterile water was prepared. The mixture 
was heat-denatured at 98 °C for 2 minutes, and then rapidly 

10 cooled on ice to anneal the primers to the template. 

[0563] After annealing, 40 \il of a mixture containing 
0.625 mM each of dNTPs, 42.5 mM Tricine-potassium hydroxide 
buffer (pH 8.5), 5.0 mM magnesium acetate, 0.0125% bovine 
serum albumin (BSA) , 1.25% dimethyl sulfoxide (DMSO) , 30 U 

15 of E. coli RNase H and 11 U of BcaBEST DNA polymerase was 
added to the mixture to make the final volume to 50 ]xl with 
sterile water. The reaction mixtures were incubated at 
60 °C for 1 hour. After reaction, 3 ]il each of the reaction 
mixtures was subjected to electrophoresis on 3.0% agarose 

20 gel. The results are shown in Table 8. 



Table 8 


Amplification size (bp) 


Detection limit 


125 


1 pg 


[0564] As shown in Table 


8, it was confirmed that the 
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method of the present invention was effective in detecting 
A DNA. 

[0565] (3) Detection was carried out using a genomic DNA 

from a bacterium Flavobacterium sp . SA-0082 as a template 
5 and the primers represented by SEQ ID NOS:150 and 151 used 
in Example 19(1). The genomic DNA as a template was 
prepared according to a conventional method from the 
bacterium of genus Flavobacterium cultured as described in 
WO 97/32010. The reaction was carried out as follows. 

10 Briefly, 10 \xl of a mixture containing 120 pmol each of the 
primers, 2 \il of an annealing solution containing 500 mM 
potassium chloride and 8 yM spermidine, 10 fg to 1 ng of 
the genomic DNA and sterile water was prepared. The 
mixture was heat-denatured at 98 °C for 2 minutes, and then 

15 rapidly cooled on ice to anneal the primers to the template. 

[0566] After annealing, 4 0 \il of a mixture containing 

0.625 mM each of dNTPs, 42.5 mM Tricine-potassium hydroxide 
buffer (pH 8.5), 5.0 mM magnesium acetate, 0.0125% BSA, 
1.25% DMSO, 30 U of E. coli RNase H and 11 U of BcaBEST DNA 

20 polymerase was added to the mixture to make the final 
volume to 50 p.1 with sterile water. The reaction mixtures 
were incubated at 52 °C for 1 hour. After reaction, 3 \xl 
each of the reaction mixtures was subjected to 
electrophoresis on 3.0% agarose gel. The results are shown 

25 in Table 9 and Figure 9. 
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Table 9 

Amplification size (bp) Detection limit 

91 ~~ 100 fg 

[0567] Figure 9 is a photograph of electrophoresis which 
shows the detection of a bacterium of genus Flavobacterium. 
5 Lane 1: molecular weight marker (100 bp ladder); lane 2: 1 
ng of the template; lane 3: 10 pg of the template; lane 4: 
1 pg of the template; lane 5: 100 fg of the template; and 
lane 6: 10 fg of the template. 

[0568] As shown in Table 9 and Figure 9, it was 
10 confirmed that the method of the present invention was 
effective in detecting a bacterium. 
[0569] Example 22 

A method for detecting a target nucleic acid in 
which the amplification method of the present invention and 
15 a hybridization method were combined was examined. 

Enterohemorrhagic Escherichia coli 0-157 was selected as a 
target. The DNA as the template was prepared as described 
in Example 21(1). A region of about 100 bp having a GC 
content of about 40% was selected as a fragment to be 
20 amplified. Primers VT2-IF20 and VT2-IR20-2 having 

nucleotide sequences represented by SEQ ID NOS:140 and 161 
were used as primers. The reaction was carried out as 
follows. Briefly, 10 ]il of a mixture containing 50 pmol 
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each of the primers VT2-IF20 and VT2-IR20-2 f an annealing 
solution containing propylenediamine at a final 
concentration of 0,01%, one of the hot water-extracts 
corresponding to 0 to 10 4 cells and sterile water was 
5 prepared. The mixture was heat-denatured at 98 °C for 2 
minutes, cooled to 55 °C and incubated at the temperature 
for 1 minute in Thermal Cycler Personal (Takara Shuzo) , and 
then placed on ice for annealing. 

[0570] After annealing, at final concentrations, 20 mM 

10 HEPES-potassium hydroxide buffer (pH 7.8), 100 mM potassium 
acetate, 1% dimethyl sulfoxide (DMSO) , 0.01% bovine serum 
albumin (BSA) , 4 mM magnesium acetate, 500 yM each of dNTPs, 
30 U of E. coli RNase H and 5.5 U of BcaBEST DNA polymerase 
was added to the mixture to make the final volume to 50 p.1 

15 with sterile water. The reaction mixtures were placed on 
Thermal Cycler Personal which had been set at 55 °C and 
incubated at the temperature for 60 minutes. As a control, 
a PCR was carried out using 0-157 Typing Set (Takara Shuzo) 
according to the manual using Thermal Cycler Personal. The 

20 PCR was carried out as follows: 35 cycles of 94 °C for 1 
minute, 55 °C for 1 minute and 72 0 C for 1 minute. This 
reaction required about 4 minutes per cycle and a total 
time of about 145 minutes. The expected size of the 
amplification product was 404 bp. After reaction, 3 p.1 

25 each of the reaction mixtures was subjected to 
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electrophoresis on 3% NuSieve 3:1 agarose. The results are 
shown in Figure 28A. Figure 28A shows the results of 
electrophoresis for the detection of enterohemorrhagic 
Escherichia coli 0157 vero toxin II gene using the ICAN or 
5 the PCR. Lane Ml: molecular weight marker (50-2000 bp); 
lane M2 : molecular weight marker (100 bp ladder); lane N: 
negative control; lane 1: the template corresponding to 1 
cell; lane 2: the template corresponding to 10 cells; lane 
3: the template corresponding to 10 2 cells; lane 4: the 
10 template corresponding to 10 3 cells; and lane 5: the 
template corresponding to 10 4 cells. Furthermore, results 
of comparison between the amplification levels accomplished 
by the ICAN and the PCR for 1 cell or 10 cells are shown in 
Table 10. 

15 



Table 10 





Number of E. coli 0-157 


cells 




0 1 


10 


ICAN 


+ 


+++ 


PCR 


+ 


++ 



-: no amplification; + to +++ indicate the degree of 
amplification in three grades. 



[0571] As shown in Figure 28A and Table 10, the 
20 amplification products of interest were obtained for the 
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reaction systems using a hot water-extract corresponding to 
1 cell according to both the detection method of the 
present invention and the PCR. Dot blot hybridization was 
further carried out for the amplification product obtained 
according to the ICAN using an oligonucleotide VT2 having a 
nucleotide sequence represented by SEQ ID NO: 162 labeled 
with biotin at the 5 '-terminus as a probe. Hybridization 
was carried out under as follows. Briefly, 1 ill of a 
reaction mixture was denatured at 98 °C for 5 minutes, 
rapidly cooled on ice, and spotted onto Hybond-N membrane 
(Amersham Pharmacia Biotech) . After exposure to UV, the 
membrane was placed in a hybridization bag, 10 ml of a 
hybridization solution containing 0.5 M disodium 
hydrogenphosphate (pH 7.2), 1 mM ethylenediaminetetraacetic 
acid and 7% sodium lauryl sulfate was added thereto. Pre- 
hybridization was then carried out at 42 °C for 30 minutes. 
10 \il of the solution of the VT2 probe at a concentration 
of 100 ng/iil was heat-denatured and added to the pre- 
hybridization reaction system. After hybridization at 42 °C 
for 60 minutes, the membrane was washed twice in a solution 
containing 66.6 mM sodium chloride, 66.6 mM sodium citrate 
and 0.1% sodium lauryl sulfate at room temperature for 5 
minutes, incubated in 6 ml of a washing buffer (0.3 M 
sodium chloride, 17.3 mM disodium hydrogenphosphate 
dihydrate, 2.5 mM EDTA, 0.1% sodium lauryl sulfate) to 



# 
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which 2 ill of 5 mg/ml horseradish peroxidase streptoavidin 
conjugate (PIERCE) was added at 42 °C for 12 minutes, and 
then washed twice in the washing buffer at room temperature. 
The membrane was then washed in 10 ml of 0.1 M citrate 
5 buffer (pH 5.0) at room temperature and reacted in a 
mixture of 5 ml of 0.1 M citrate buffer, 5 \il of 3% 
hydrogen peroxide and 250 yl of a solution of 2 mg/ml 
tetramethylbenzidine (TMB, Nacalai Tesque) in ethanol in 
the dark for about 10 minutes. After color development, 

10 the reaction was terminated with deionized water. The 
results are shown in Figure 28B. Figure 28B shows the 
results of dot blot hybridization for detecting a gene for 
vero toxin II from enterohemorrhagic Escherichia coli 0-157 
by the I CAN. The results were consistent with those 

15 obtained for the above-mentioned electrophoresis. Thus, 
the detection sensitivity of the method of the present 
invention was equivalent to that of the PCR. The total 
time required for the amplification reaction using the ICAN 
of the present invention was 1/2 or shorter as compared 

20 with that required for the PCR. Thus, the ICAN of the 
present invention was confirmed to be effective as a method 
for detecting a pathogen and the like. 
[0572] Example 23 

(1) Combination of a reverse transcription 

25 reaction and the method of the preset invention was 



• 
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examined using an RNA from cultured cells as a template. 
The reaction was carried out as follows. Briefly, RAW264.7 
cells (ATCC TIB 71) were suspended in Dulbecco's modified 
Eagle's medium (Bio Whittaker, 12-604F) containing 10% 
fetal calf serum (Gibco) at a concentration of 1.5 x 10 5 
cells/ml. 5 ml of the suspension was added to each well of 
a 6-well microtiter plate and the plate was incubated at 
37 °C overnight in the presence of 5% C0 2 . 50 \il of a 100 
lag/ml solution of lipopolysaccharide (LPS, Sigma) in water 
and 50 ]il of a 1000 XJ/]i± solution of interferon-y (IFN-y, 
Genzyme Techne) in water were added to the well. The plate 
was incubated for additional 4 hours. An RNA was then 
prepared from the cells using RNeasy Mini Kit (Qiagen) 
according to the instructions attached to the kit. As a 
negative control, a group to which LPS or IFN-y was not 
added was provided. 

[0573] A cDNA was prepared by incubating 60 ]il of a 
mixture containing 3 ]ig of the thus prepared RNA, 10 mM 
tris-hydrochloride buffer (pH 8.3), 50 mM KC1, 5 mM MgCl 2 , 
1 mM each of dNTPs, 150 pmol of random 6mers primer, 60 U 
of ribonuclease inhibitor (Takara Shuzo) and 15 U of 
Reverse Transcriptase XL (AMY) (Takara Shuzo, 2620A) at 
30 °C for 10 minutes, 42 °C for 1 hour and then 99 °C for 5 
minutes for inactivating the enzyme using a thermal cycler 
(GeneAmp PCR System 9600, Applied Biosystems) . 
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[0574] Primers having nucleotide sequences represented 
by SEQ ID NOS:163 and 164 were synthesized based on the 
nucleotide sequence of the itlRNA for mouse inducible NO 
synthase (iNOS) (GeneBank accession no, NM-010927) . As a 
control, primers for PCR represented by SEQ ID NOS:165 and 
166 were also synthesized. 

[0575] 10 pi of a mixture containing 50 pmol each of the 
primers, 2 ]il of an aqueous solution of propylenediamine at 
a concentration of 0.05%, 1 ul of the cDNA as a template 
(corresponding to 50 ng of the RNA) and sterile water was 
prepared. The mixture was heat-denatured at 98 °C for 2 
minutes, cooled to 55 °C and incubated at the temperature 
for 1 minute in a thermal cycler to anneal the primers to 
the template . 

[0576] After annealing, 40 \il of a mixture containing 
0.625 mM each of dNTPs, 42.5 mM Tricine-potassium hydroxide 
buffer (pH 8.5), 5.0 mM magnesium acetate, 0.0125% bovine 
serum albumin (BSA) , 1.25% dimethyl sulfoxide (DMSO) , 15 U 
of E. coli RNase H and 11 U of BcaBEST DNA polymerase was 
added to the mixture to make the final volume to 50 jil with 
sterile water. The reaction mixtures were incubated at 
55 °C for 1 hour in a thermal cycler. The reacted samples 
were stored by freezing at -20 °C until being analyzed. The 
PCR as a control was carried out as follows. Briefly, 50 
■pi of a reaction mixture containing 50 pmol each of the 
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primers, 1 ]il of the cDNA (corresponding to 50 ng of the 
RNA) , 5 ]il of 10 x Ex Taq buffer (Takara Shuzo) , 1.25 U of 
TaKaRa Ex Taq DNA polymerase (Takara Shuzo) and 0 . 2 mM each 
of dNTPs was reacted in a thermal cycler. The program was 
5 as follows: 1 cycle of 94 °C for 2 minutes; 30 cycles of 
94°C for 30 seconds, 55°C for 30 seconds and 72°C for 30 
seconds; and 1 cycle of 72 °C for 5 minutes. The reacted 
samples were stored by freezing at -20 °C until being 
analyzed. After reaction, 5 \il each of the reaction 
10 mixtures was subjected to electrophoresis on 3.0% agarose 
gel. The results are shown in Figure 10. 

[0577] Figure 10 is a photograph of electrophoresis 
which shows the comparison between the RT-ICAN and the RT- 
PCR. Lane 1: molecular weight marker (100 bp ladder); lane 
15 2: negative control group; and lane 3: a group treated with 
LPS and IFN-y. 

[0578] As shown in Figure 10, the amplification products 
were observed for both of the method of the present 
invention and the PCR only when the cDNA prepared from 

20 cells treated with LPS and IFN-y was used as a template. 

Thus, it was confirmed that, since the method of the 
present invention required a shorter period of time for 
reaction as compared with the PCR, the method of the 
present invention was more effective as a DNA amplification 

25 method after reverse transcription. 
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[0579] Example 24 

E. coli RNase H of which the optimal temperature 
is 37 °C may become inactivated during amplification 
reaction of the present invention. Then, the effect of 
5 addition of E. coli RNase H to the reaction mixture during 
the amplification reaction was examined. An amplified 
fragment (1071 bp) obtained by a PCR using primers GMO-PCR- 
F and GMO-PCR-R represented by SEQ ID NOS:167 and 168 from 
a genomic DNA extracted from recombinant soybeans into 

10 which cauliflower mosaic virus 35S promoter and EPSPS gene 
had been introduced was used as a template DNA. In 
addition, primers GMO-S1, S2, Al and A2 having nucleotide 
sequences represented by SEQ ID NOS : 1 69 to 172 were used. 
The reaction was carried out as follows. Briefly, 10 pi of 

15 a mixture containing 50 pmol each of the primers, 
propylenediamine at a final concentration of 0.01%, 1 pg to 
10 ng of the DNA as the template and sterile water was 
prepared. The mixture was heat-denatured at 98 °C for 2 
minutes and cooled to 55 °C for annealing. 

20 [0580] After annealing, at final concentrations, 500 yM 
each of dNTPs, 34 mM Tricine-potassium hydroxide buffer (pH 
8.7), 4.0 mM magnesium acetate, 0.01% bovine serum albumin 
(BSA) , 1% dimethyl sulfoxide (DMSO) , 30 U of E. coli RNase 
H and 5.5 U of BcaBEST DNA polymerase were added to the 

25 mixture to make the final volume to 50 \il with sterile 
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water. The reaction mixtures were incubated at 55 °C for 25 
minutes in a thermal cycler, 30 U of E. coli RNase H was 
further added thereto 25 minutes after the initiation of 
the reaction. The mixture was incubated at 55 °C for 30 
5 minutes. As a control, a reaction was carried out by 
incubating the mixture at 55 °C for 55 minutes. After 
reaction, 3 \il each of the reaction mixtures was subjected 
to electrophoresis on 3% agarose. As a result, it was 
confirmed that the amplification efficiency was improved by 

10 the addition of E. coli RNase H during the reaction 
regardless of the concentration of the template DNA for 
either of the combinations of the primers, Sl/Al, S1/A2, 
S2/A1 and S2/A2 . 
[0581] Example 25 

15 The combination of a method for amplifying or 

duplicating a nucleic acid to be used as a template in the 
present invention and the method of the present invention 
was examined. The reaction was carried out as follows. 
Briefly, in vitro transcription was carried out using a 

20 plasmid containing the chrysanthemum viroid gene as 
prepared in Example 18(3) which was duplicated in 
Escherichia coli as a template and T7 RNA polymerase 
(Takara Shuzo) to obtain a fragment duplicated from an RNA. 
A cDNA was synthesized using primers having nucleotide 

25 sequences represented by SEQ ID NOS:146 and 147 and cDNA 
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synthesis kit (Takara Shuzo) . An amplification reaction 
was carried out as described in Example 18(3) using the 
cDNA fragment or the duplicated plasmid as a template. As 
a result, it was confirmed that both a nucleic acid 
duplicated in a form of a plasmid and a nucleic acid in a 
form of a cDNA duplicated from an RNA using an RNA 
polymerase can be used as templates for the method of the 
present invention . 
[0582] Example 26 

(1) Synthesis of primer 

Oligonucleotide primers NS1 and NS2 represented 
by SEQ ID NOS:175 and 176 were synthesized on the basis of 
the nucleotide sequence of the mRNA for mouse inducible NO 
synthase (iNOS) . 

[0583] (2) Amplification of DNA fragment according to 

ICAN using PCR product as template 

10 ill of a mixture containing 50 pmol each of the 
synthetic oligonucleotide primers, 2 \il of a 0.05% aqueous 
solution of propylenediamine and 10 fg to 10 pg of the 
template was heated at 98 °C for 2 minutes and then 60 °C for 
2 minutes using a thermal cycler (GeneAmp PCR System 9600, 
Applied Biosystems) to anneal the primers to the template. 
iNOS cDNA (741 bp) amplified using primers NS-PCR1 and NS- 
PCR2 represented by SEQ ID NOS:221 and 222, which was then 
purified using Suprec02 (Takara Shuzo) , was used as the DNA 
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as the template. 40 ul of a reaction mixture containing 
0.625 mM each of dNTPs, 40 mM HEPES-potassium hydroxide 
buffer (pH 7.8), 125 mM potassium acetate, 5 . 0 mM magnesium 
acetate, 0.0125% bovine serum albumin, 1.25% dimethyl 
sulfoxide, 0.0156 ug of Pfu RNase H and 0.66 U of BcaBEST 
DNA polymerase was added to the heated solution. The 
mixtures were at incubated at 60 °C for 1 hour in a thermal 
cycler. 5 yl each of the reaction mixtures was analyzed by 
electrophoresis on 3.0% agarose gel. The results are shown 
in Figure 11. Figure 11 represents the results of the ICAN 
using Pfu RNase H. Lane 1: molecular weight marker (100 
bp); lane 2: 10 fg of the template; lane 3: 100 fg of the 
template; lane 4: 1 pg of the template; and lane 5: 10 pg 
of the template. 

[0584] As shown in Figure 11, the amplification product 
of interest was observed using 100 fg of the template. 
[0585] Example 27 

(1) Preparation of RNA 

RAW264.7 cells (ATCC TIB 71) were suspended in 
Dulbecco's modified Eagle's medium (Bio Whittaker) 
containing 10% fetal calf serum (Gibco) at a concentration 
of 1.5 x 10 5 cells/ml. 5 ml of the suspension was added to 
each well of a 6-well microtiter plate and the plate was 
incubated at 37 °C overnight in the presence of 5% C0 2 . 50 
ul of a 100 ug/ml solution of lipopolysaccharide (LPS, 
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Sigma) in water and 50 pi of a 1000 U/ml solution of 
interferon-y (IFN-y, Genzyme Techne) in water were added to 
the well. The plate was incubated for additional 4 hours. 
An RNA was then prepared from the cells using RNeasy Mini 
5 Kit (Qiagen, 74104) according to the instructions attached 
to the kit. As a negative control, a group to which LPS or 
IFN-y was not added was provided. 

[0586] A cDNA was prepared by incubating 60 ijlI of a 
mixture containing 3 ]iq of the thus prepared RNA, 10 mM 

10 tris-hydrochloride buffer (pH 8.3), 50 mM KC1, 5 mM MgCl 2 , 
1 mM each of dNTPs, 150 pmol of random 6mers, 60 U of 
Ribonuclease Inhibitor (Takara Shuzo) and 15 U of Reverse 
Transcriptase XL (AMV) (Takara Shuzo) at 30 °C for 10 
minutes, 42 °C for 1 hour and then 99 °C for 5 minutes for 

15 inactivating the enzyme using a thermal cycler (GeneAmp PCR 
System 9600, Applied Biosystems) . 

[0587] Primers NS5 and NS6 having nucleotide sequences 
represented by SEQ ID NOS:181 and 182 were synthesized 
based on the nucleotide sequence of the mRNA for mouse 
20 inducible NO synthase (iNOS) . Furthermore, primers NS3 and 
NS4 for PCR represented by SEQ ID NOS:177 and 178 were also 
synthesized. 

[0588] 50 ]il of a mixture containing 50 pmol each of the 
primers NS5 and NS6, 1 ]il of the cDNA solution synthesized 
25 as described above (corresponding to 50 ng of the RNA) or a 
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10-, 100-, 1000- or 10000-fold dilution with water thereof 
as a template, 0,5 irM each of dNTPs, 32 mM HEPES-potassium 
hydroxide buffer (pH 7.8), 100 mM potassium acetate, 4.0 mM 
magnesium acetate, 0.01% bovine serum albumin, 1% dimethyl 
sulfoxide, 0.0156 ]iq of Pfu RNase H and 0.66 U of BcaBEST 
DNA polymerase was incubated at 60 °C for 1 hour in a 
thermal cycler. The reacted samples were stored by 
freezing at -20 °C until being analyzed. 

[0589] On the other hand, a PCR was carried out as a 
control. 50 ]il of a reaction system containing 50 pmol 
each of the primers NS3 and NS4, 1 ]il of the cDNA solution 
(corresponding to 50 ng of the RNA) or a 10-, 100-, 1000- 
or 10000-fold dilution with water thereof, 5 \Jl1 of 10 x Ex 
Taq buffer (Takara Shuzo) , 1.25 U of TaKaRa Ex Taq 
polymerase (Takara Shuzo) and 0.2 mM each of dNTPs was 
reacted using a thermal cycler. The program was as 
follows: 1 cycle of 94 °C for 2 minutes; 35 cycles of 94 °C 
for 30 seconds, 55°C for 30 seconds and 72 °C for 30 
seconds; and 1 cycle of 72 °C for 5 minutes. The reacted 
samples were stored by freezing at -20 C C until being 
analyzed. 

[0590] 5 ill each of the reaction mixtures (I CAN or PCR) 
was analyzed by electrophoresis on 3.0% agarose gel. The 
results are shown in Figure 12. Figure 12 shows the 
results of the detection of iNOS gene according to the ICAN 
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using Pfu RNase H or the PCR. Lane 1: a lane for 100 bp 
DNA ladder marker; lane 2: the 10000-fold dilution of the 
negative control cDNA; lane 3: the 1000-fold dilution of 
the negative control cDNA; lane 4: the 100-fold dilution of 
5 the negative control cDNA; lane 5: the 10-fold dilution of 
the negative control cDNA; lane 6: the original solution of 
the negative control cDNA; lane 7: the 10000-fold dilution 
of the cDNA from the group with the addition of LPS and 
IFN-y; lane 8: the 1000-fold dilution of the cDNA from the 

10 group with the addition of LPS and IFN-y; lane 9: the 100- 
fold dilution of the cDNA from the group with the addition 
of LPS and IFN-y; lane 10: the 10-fold dilution of the cDNA 
from the group with the addition of LPS and IFN-y; and lane 
11: the original solution of the cDNA from the group with 

15 the addition of LPS and IFN-y. 

[0591] As shown in Figure 12, the amplification products 
were observed for both of the ICAN and the PCR only when 
the cDNA prepared from cells treated with LPS and IFN-y was 
used as a template . For the ICAN, the increase in 

20 amplification product was observed using the 1000-fold 
dilution of the cDNA. For the PCR, the increase in 
amplification product was observed using the 100-fold 
dilution of the cDNA. 
[0592] Example 28 

25 (1) Oligonucleotide primers 4 and 5 represented 
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by SEQ ID NOS:179 and 180 were synthesized based on the 
nucleotide sequence of A DNA. The oligonucleotide primer 4 
is a sense primer having 75% of a GC content. The 
oligonucleotide primer 5 is an antisense primer having 80% 
of a GC content* 

[0593] 10 \il of a reaction system containing 120 pmol 
each of the primers 4 and 5, 2 ^1 of a 0.05% 
propylenediamine solution and 10 ng of a template was heat- 
denatured at 98 °C for 2 minutes, and then rapidly cooled on 
ice to anneal the primers to the template. The PCR product 
(1005 bp) purified using Suprec02 as described in Example 
15 was used as the template. 

[0594] (2) After annealing, 40 pi of a mixture 

containing 0.625 mM each of dNTPs, 42.5 mM Bicine-potassium 
hydroxide buffer (pH 8.3), 5.0 mM magnesium acetate, 
0.0125% bovine serum albumin, 1.25% dimethyl sulfoxide, 0.5 
pi of Thermotoga maritima RNase HI I (0.58 pg/ml) and 2.2 U 
of BcaBEST DNA polymerase was added to the mixture to carry 
out the ICAN at 60, 65 or 70°C for 1 hour. 3 pi each of 
the reaction mixtures after the ICAN was confirmed by 
electrophoresis on 3.0% agarose gel. The results are shown 
in Figure 13. Figure 13 shows the results of the ICAN 
using Thermotoga maritima RNase HII. Lane 1: molecular 
weight marker (100 bp); lane 2: reaction temperature of 
60 °C; lane 3: reaction temperature of 65 °C; and lane 4: 
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reaction temperature of 70°C. 

[0595] As shown in Figure 13, the amplification products 
of interest were observed for the respective reaction 
temperatures . 
5 [0596] Example 29 

(1) Amplification of a DNA fragment according to 
the ICAN using a PCR product as a template (alkali- 
denatured) was examined. 1 ]il of a solution containing 10 
fg to 10 pg of a template and 1 pi of 0.4 N NaOH were mixed 

10 together. The mixture was incubated at 37 °C for 5 minutes 
to denature the template. The PCR-amplif ied iNOS cDNA (741 
bp) purified using Suprec02 (Takara Shuzo) as described in 
Example 2 6 was used as a template. Each of the denatured 
templates was neutralized using 1 \il of 0.4 N HC1 . 47 ]il 

15 of a reaction mixture containing 50 pmol each of the 
primers NS1 and NS2 , 0.5 mM each of dNTPs, 32 mM HEPES- 
potassium hydroxide buffer (pH 7.8), 100 mM potassium 
acetate, 4.0 mM magnesium acetate, 0.01% bovine serum 
albumin, 1.0% dimethyl sulfoxide, 0.0156 \ig of Pfu RNase H 

20 and 0.66 U of BcaBEST DNA polymerase was then added thereto. 
The mixture was incubated at 60 °C for 1 hour in a thermal 
cycler. 5 \i± each of the reaction mixtures was analyzed by 
electrophoresis on 3.0% agarose gel. The results are shown 
in Figure 14. Figure 14 shows the results of the ICAN 

25 using an alkali-denatured template. Lane 1: molecular 
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weight marker (100 bp); lane 2: 10 fg of the template; lane 
3: 100 fg of the template; lane 4: 1 pg of the template; 
and lane 5: 10 pg of the template. 

[0597] As shown in Figure 14, the amplification product 
5 was clearly increased using 1 pg of the template. 
[0598] Example 30 

(1) Amplification of a DNA fragment according to 
the ICAN without denaturing a template was examined. 
Primers NS5 and NS6 represented by SEQ ID N0S:181 and 182 
10 were used as primers. The template as prepared in Example 
2 6 was used as a template DNA. 

[0599] 50 tj 1 of a reaction mixture containing 10 fg to 
100 pg of the template or water for a negative control, 50 
pmol each of the primers NS5 and NS6, 0.5 iri each of dNTPs, 

15 32 mM HEPES-potassium hydroxide buffer (pH 7.8), 100 mM 
potassium acetate, 4.0 mM magnesium acetate, 0.01% bovine 
serum albumin, 1.0% dimethyl sulfoxide, 0.0156 yg of Pfu 
RNase H and 1 U of BcaBEST DNA polymerase (Takara Shuzo) 
was incubated at 60 °C for 1 hour in a thermal cycler. 

20 After reaction, 5 \il each of the reaction mixture was 
analyzed by electrophoresis on 3.0% agarose gel. A 
photograph of the electrophoresis is shown in Figure 15. 
Figure 15 is a photograph of electrophoresis for the 
amplification method of the present invention without 

25 denaturing a template DNA. Lane 1: 100 bp DNA ladder 
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marker; lane 2: negative control (water); lane 3: 10 fg of 
the template; lane 4: 100 fg of the template; lane 5: 1 pg 
of the template; lane 6: 10 pg of the template; and lane 7: 
100 pg of the template, 
5 [0600] As shown in Figure 15, the amplification product 
of interest was observed using 1 pg of the template. 
[0601] Example 31 

(1) Primers pDON-AI-1 and pDON-AI-2 represented 
by SEQ ID NOS:183 and 184 were synthesized based the 
10 nucleotide sequence of the packaging region in a vector 
plasmid pDON-AI DNA (Takara Shuzo) ♦ 

[0602] (2) Amplification of DNA fragment according to 

ICAN without denaturing template 

50 \il of a reaction mixture containing 1 yl of a 

15 solution containing 10 fg to 1 ng of pDON-AI DNA or water 
for a negative control, 50 pmol each of the primers, 0 . 5 mM 
each of dNTPs, 32 mM HEPES-potassium hydroxide buffer (pH 
7.8), 100 mM potassium acetate, 4.0 mM magnesium acetate, 
0.01% bovine serum albumin, 1.0% dimethyl sulfoxide, 0.0156 

20 ii g of Pfu RNase H as prepared in Referential Example 4 and 
1 U of BcaBEST DNA polymerase was incubated at 60 °C for 1 
hour in a thermal cycler, 5 p.1 each of the reaction 
mixtures was analyzed by electrophoresis on 3.0% agarose 
gel. The results are shown in Figure 16. Figure 16 is a 

25 photograph of electrophoresis for the method of the present 
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invention using a circular double-stranded DNA as a 
template without denaturation . Lane 1: 100 bp DNA ladder 
marker; lane 2: negative control (water); lane 3: 10 fg of 
the template; lane 4: 100 fg of the template; lane 5: 1 pg 
of the template; lane 6: 10 pg of the template; lane 7: 100 
pg of the template; and lane 8: 1 ng of the template. 
[0603] As shown in Figure 16, it was confirmed that the 
amplification product of interest was obtained using 10 fg 
of the template. 
[0604] Example 32 

Detection of human papilloma virus 16 gene 
utilizing the method of the present invention was examined. 
A DNA from cells infected with human papilloma virus 16, 
CaSki cells (Dainippon Pharmaceutical; containing 500 
copies of human papilloma virus 16 in a cell), was used as 
a template. Primers HPV16 S3 and HPV16 A2 having 

nucleotide sequences represented by SEQ ID N0S:185 and 18 6 
were used as primers for detecting HPV16. The expected 
size of the amplification product obtained using the primer 
pair was about 120 bp. The reaction was carried out as 
follows . 

[0605] 10 ill of a mixture containing 1 pg, 3 pg, 30 pg, 
100 pg, 300 pg, 1 ng, 3 ng or 10 ng of the template DNA, 50 
pmol each of the primers HPV16 S3 and HPV16 A2 and 
propylenediamine at a final concentration of 0.01% was 
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prepared. The mixtures were incubated at 98 °C for 2 
minutes and at 55 °C for 1 minute in Thermal Cycler Personal, 
and then placed on ice. At final concentrations, 20 mM 
HEPES-potassium hydroxide buffer (pH 7.8), 100 mM potassium 
5 acetate, 1% dimethyl sulfoxide, 0.01% bovine serum albumin, 
4 mM magnesium acetate, 500 yM each of dNTPs, 30 U of E. 
coli RNase H and 5.5 U of BcaBEST DNA polymerase were added 
to the mixture to make the final volume to 50 pi . The 
reaction mixtures were placed in a thermal cycler which had 

10 been set at 55 °C and reacted for 60 minutes. As a control, 
a PCR was carried out using Human Papillomavirus Primers 
HPVpl6 (forward, reverse) (Takara Shuzo) according to the 
manual in Thermal Cycler Personal. The expected size of 
the amplification product was 140 bp. 

15 [0606] After reaction, 3 pi each of the reaction 
mixtures was subjected to electrophoresis on 4% NuSieve 3:1 
agarose. The results are shown in Figure 17A. Figure 17A 
shows the results of the detection of HPV16 gene utilizing 
the ICAN and the PCR. Lane Ml: molecular weight marker 

20 (100 bp ladder); lane M2 : molecular weight marker (50-2000 
bp); lane 1: no template; lane 2: 1 pg of the template; 
lane 3: 3 pg of the template; lane 4: 30 pg of the 
template; lane 5: 100 pg of the template; lane 6: 300 pg of 
the template; lane 7: 1 ng of the template; lane 8: 3 ng of 

25 the template; and lane 9: 10 ng of the template. 
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[0607] As shown in Figure 17A, it was confirmed that the 
amplification products of interest were obtained using 3 pg 
of the template DNA for the ICAN and 1 pg of the template 
DNA for the PCR, respectively. 

[0608] Furthermore, dot blot hybridization for the 
reaction products was carried out using an oligonucleotide 
HPV16 probe having a nucleotide sequence represented by SEQ 
ID NO: 187. Hybridization was carried out as described in 
Example 22. The results are shown in Figure 17B. Figure 
17B shows the results of dot blot hybridization detection 
of HPV16 gene according to the PCR and the I CAN . Lane 1: 
no template; lane 2: 1 pg of the template; lane 3: 3 pg of 
the template; lane 4: 30 pg of the template; lane 5: 100 pg 
of the template; lane 6: 300 pg of the template; lane 7: 1 
ng of the template; lane 8: 3 ng of the template; and lane 
9: 10 ng of the template. 

[0609] As shown in Figure 17B, the detection 
sensitivities of the ICAN and the PCR were almost 
equivalent. Thus, it was confirmed that these methods were 
effective for detecting a virus or the like. 
[0610] Example 33 

Detection of human papilloma virus 16 gene from a 
clinical specimen DNA sample was examined. DNAs prepared 
according to a conventional method from 6 clinical 
specimens obtained with informed consent were used as 
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templates. The types of the infecting HPVs in the samples 
prepared from these clinical specimens had been proved by 
the PCR. The primers HPV16 S3 and HPV16 A2 as described in 
Example 32 were used as primers for detection. The 
5 concentrations of the DNA samples from the clinical 
specimens to be used as templates were adjusted to 100 
ng/ul with TE buffer. The composition of the reaction 
mixture and the reaction conditions as described in Example 
32 were used except for the amount of the template. In 

10 addition, similar reactions were carried out using a 
reaction mixture without the addition of the template DNA 
as a negative control and a reaction mixture containing 500 
pg of the DNA from CaSki cells infected with HPV 16 as a 
positive control. After reaction, 3 ul each of the 

15 reaction mixtures was subjected to electrophoresis on 4% 
NuSieve 3:1 agarose. The results are shown in Figure 18A. 
Figure 18A shows the results of the detection of HPV16 gene 
from clinical specimens. Lane M: molecular weight marker; 
lanes 1 to 6: clinical specimens; lane 7: negative control; 

20 and lane 8: positive control. 

[0611] As shown in Figure 18A, the amplification 
products of about 120 bp were observed according to the 
ICAN for the samples which had been proved to be infected 
with HPV16 by the conventional PCR. No amplification was 

25 observed for samples infected with other types of HPVs or 
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non-infected samples. 

[0612] Furthermore, dot blot hybridization for the 
amplification products was carried out as described in 
Example 22. The results are shown in Figure 18B and Table 
11. Figure 18B shows the results of dot blot hybridization 
detection of HPV16 gene from the clinical specimens. Lanes 
1 to 6: clinical specimens; lane 7: negative control; and 
lane 8: positive control. 

[0613] As shown in Figure 18B, results consistent with 
those obtained by the electrophoresis were obtained, 
confirming that similar results with those of the PCR could 
be obtained by using electrophoresis as well as dot blot 
hybridization. Thus, it was confirmed that HPV16 could be 
detected from practical clinical specimens according to the 
method of the present invention and that the method was 
effective for detecting a virus or the like. 



Table 11 



Sample No. 3 No . 4 No . 6 No . 7 No. 8 No. 9 No Positive 

template control 



Typing by non- non- Type Type Type Type 

PCR infec- infec- 18 16 67 16 

ted ted 

I CAN 

amplification „__+-+ 
using HP VI 6 

detection primer 



no amplification; +: amplification observed, 



[0614] Example 34 

Detection of HCV from clinical specimens was 



examined. Specimen samples were prepared from 300 ]il each 
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of 5 serum specimens from patients with HCV obtained with 
informed consent using TRIzol reagent (Life Technologies) 
according to the instructions attached to the reagent and 
finally dissolved in 6 ]il of injectable water (Otsuka 
Pharmaceutical) to obtain RNA samples. An RNA similarly 
extracted from 300 ]il of a serum from a healthy individual 
was used as a negative control. First, 4 p.1 of a reaction 
mixture for reverse transcription containing 1 x RNA PCR 
Buffer, 5 mM MgCl 2 , 1 mM dNTPs, 1 U of AMV Reverse 
Transcriptase XL, 10 pmol each of primers HCV-F and HCV-R 
represented by SEQ ID NOS:188 and 18 9, and 2 \il of one the 
RNA samples was prepared using RNA PCR kit (AMW) ver 2.1 
(Takara Shuzo) . The mixtures were warmed at 30°C for 10 
minutes and then reacted at 50 °C for 30 minutes. After 
reverse transcription, the ICAN was carried out. Primers 
HCV-F2 and HCV-Rl having nucleotide sequences represented 
by SEQ ID NOS:190 and 191 were used for the ICAN. The 
reaction was carried as follows. 

[0615] 10 ]il of a mixture containing 50 pmol each of the 
primers, 3 jil one of the reverse transcription reaction 
mixtures and propylenediamine at a final concentration of 
0.01% was prepared. 3 of sterile water was used for a 
blank. The mixtures were heated at 98 °C for 2 minutes, 
rapidly cooled to 60 °C and incubated at the temperature for 
1 minute in Thermal Cycler Personal, and stored on ice. 
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[0616] After annealing, at final concentrations, 20 mM 
HEPES-potassium hydroxide buffer (pH 7.8), 100 mM potassium 
acetate, 1% dimethyl sulfoxide, 0.01% bovine serum albumin, 
4 mM magnesium acetate, 500 yM each of dNTPs, 30 U of E. 
coli RNase H and 5.5 U of BcaBEST DNA polymerase were added 
to the mixture to make the final volume to 50 \il with 
sterile water. The reaction mixtures were placed in 
Thermal Cycler MP which had been set at 60 °C and reacted 
for 60 minutes. After reaction, 3 jjl each of the reaction 
mixtures was subjected to electrophoresis on 3% NuSieve 3:1 
agarose. The results are shown in Figure 19A. Figure 19A 
shows the results of HCV detection from clinical specimens. 
Lane B: sterile water as a template; lane 1: a sample from 
a healthy individual; lanes 2 to 6: samples from patients 
with HCV; and lane M: molecular weight marker (50-2000 bp) . 
[0617] As shown in Figure 19A, the amplification 
products of about 107 bp expected from the nucleotide 
sequence of HCV genome were observed only for the RNA 
samples from patients with HCV, whereas such an 
amplification product was not observed for the serum from 
the healthy individual and the blank. Furthermore, dot 
blot hybridization for the ICAN-amplif ied products was 
carried out as described in Example 22 using a probe for 
HCV represented by SEQ ID NO: 192 biotinated at 5 T -terminus. 
The results are shown in Figure 19B. The lanes for the 



samples in Figure 19B are as those indicated for the 
photograph of electrophoresis. 

[0618] As shown in Figure 19, it was confirmed that the 
results from the electrophoresis were consistent with those 
from the dot blot hybridization. These results confirms 
that the method of the present invention can be used to 
detect HCV from practical clinical specimens and is 
effective for detecting a virus or the like. 
[0619] Example 35 

A method for detecting adenovirus was examined. 

Primers for amplifying E1A (tumor gene) , E1A-1 
(sense), El A- 2 (antisense) and E1A-3 (antisense) , 
represented by SEQ ID NOS:193 to 195 were constructed based 
on the nucleotide sequence of adenovirus (GenBank accession 
no. J01917) . Adenovirus (ATCC accession no. VR-5) was used. 
A template was prepared as follows. 100 yl of a solution 
containing adenovirus at a concentration of 8.73 x 10 10 
PFU/ml was incubated in the presence of SDS at a final 
concentration of 0.1% and proteinase K at a final 
concentration of 0.2 mg/ml at 37 °C for 1 hour. The DNA was 
purified by affinity to silica gel. Adenoviral DNAs 
corresponding to 10% 10% 10 5 or 10 6 PFU prepared by 
diluting the purified DNA with sterile water were used. 
The reaction was carried out as follows. Briefly, 10 \il of 
a reaction system containing 60 pmol each of the primers 
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E1A-1 and El A- 2 (chain length to be amplified: 112 bp) or 
E1A-1 and E1A-3 (chain length to be amplified: 91 bp) , 2 ul 
of 0.05% propylenediamine and the template was heat- 
denature at 98 °C for 2 minutes and then rapidly cooled on 
5 ice to anneal the primers to the template. 

[0620] After annealing, 40 ul of a mixture containing 
0.625 mM each of dNTPs, 42.5 mM Tricine-potassium hydroxide 
buffer (pH 8.5), 5.0 mM magnesium acetate, 0.0125% bovine 
serum albumin, 1.25% dimethyl sulfoxide, 30 U of E. coli 

10 RNase H and 5.5 U of BcaBEST DNA polymerase was added to 
the mixture to make the final volume to 50 ul . The 
reaction mixtures were incubated at 60 °C for 1 hour. As a 
control, a detection by a PCR was carried out using the 
same template as the above and primers constructed for PCR- 

15 amplifying E1A (tumor gene), E1A-1P (sense), E1A-2P 
( ant i sense) and E1A-3P ( ant i sense) having nucleotide 
sequences represented by SEQ ID NOS:196, 197 and 231. The 
PCR was carried out as follows. Briefly, 50 ul of a PCR 
solution containing 60 pmol each of the primers E1A-1P and 

20 E1A-2P (chain length to be amplified: 112 bp) or E1A-1P and 
E1A-3P (chain length to be amplified: 91 bp), 5 ul of 10 x 
Ex Taq buffer (Takara Shuzo) , 1.25 U of TaKaRa Ex Taq DNA 
polymerase (Takara Shuzo) and 0.2 mM each of dNTPs was 
prepared. The conditions for the PCR were as follows: 30 

25 cycles of 94 °C for 30 seconds, 55°C for 30 seconds and 72 °C 
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for 30 seconds. 

[0621] After reaction, 3 jjl each of the reaction 
mixtures of the ICAN and the PCR was subjected to 
electrophoresis on 3.0% agarose gel. The results are shown 
in Figure 20 and Table 12. Figure 20 shows the results of 
the detection of viral E1A gene from adenoviral particles. 
Lanes 1 to 10 show the results obtained using the 
combination of the primers E1A-1 and E1A-2. Lanes 11 to 20 
show the results obtained using the combination of the 
primers E1A-1 and E1A-3. Lane 1: molecular weight marker 
(100 bp ladder); lane 2: ICAN using DNA corresponding to 
10 6 PFU; lane 3: ICAN using DNA corresponding to 10 5 PFU; 
lane 4: ICAN using DNA corresponding to 10 4 PFU; lane 5: 



ICAN using DNA 


corresponding to 10 3 PFU 


; lane 6 


: molecular 


weight marker 


(10 0 bp 


ladder) ; lane 


7 : PCR 


using 


DNA 


corresponding 


to 10 6 


PFU; lane 8 


: PCR 


using 


DNA 


corresponding 


to 10 5 


PFU; lane 9 


: PCR 


using 


DNA 


corresponding 


to 10 4 PFU; and lane 


10: PCR 


using 


DNA 


corresponding 


to 10 3 PFU 


In addition, 


lane 11 


: molecular 


weight marker 


(100 bp 


ladder) ; lane 


12: ICAN 


using 


DNA 


corresponding 


to 10 6 


PFU; lane 13 


: ICAN 


using 


DNA 


corresponding 


to 10 5 


PFU; lane 14 


: ICAN 


using 


DNA 


corresponding 


to 10 4 


PFU; lane 15 


: ICAN 


using 


DNA 



corresponding to 10 3 PFU; lane 16: molecular weight marker 
(100 bp ladder); lane 17: PCR using DNA corresponding to 
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10 6 PFU; lane 18: PCR using DNA corresponding to 10 5 PFU; 
lane 19: PCR using DNA corresponding to 10 4 PFU; and lane 
20: PCR using DNA corresponding to 10 3 PFU. 

5 Table 12 



Amplification size 


Detection limit 


(bp) 




I CAN PCR 


112 


10 4 10 4 


91 


10 4 10 4 



[0622] As shown in Figure 20 and Table 12, it was 
confirmed that the detection sensitivity for the detection 
of adenovirus E1A gene by the ICAN was equivalent to that 
by the PCR. 



10 [0623] Example 36 

Detection of an integrated viral gene from cells 
infected with a retrovirus vector was examined. Cells 
infected with a retrovirus and a genomic DNA were prepared 
as follows. Briefly, a vector plasmid pDON-AI (Takara 

15 Shuzo) was introduced into packaging cells GPE+86 according 
to the calcium phosphate method. An ecotropic vector was 
prepared from the culture supernatant of the introduced 
cells. Cells infected with a virus vector were prepared by 
infecting NIH/3T3 cells with the ecotropic vector and 

20 culturing the infected cells for 14 days in a medium 
containing G418. 27 yg of a genomic DNA was obtained 
according to a conventional method from 4 x 10 4 of the 
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prepared cells infected with the retrovirus. The primers 
pDON-AI-1 and pDON-AI-2 as described in Example 31(1) were 
used as primers. The reaction was carried out as follows. 
Briefly, 10 pi of a reaction system containing 60 pmol each 
5 of the primers, 2 pi of a 0.25% aqueous solution of 
propylenediamine and 0.1 ng to 1000 ng of the genomic DNA 
as a template was heated at 98 °C for 2 minutes and then at 
60 °C in a thermal cycler (Takara Shuzo) to anneal the 
primers to the template. 

10 [0624] After annealing, 40 pi of a reaction mixture 
containing 0.625 mM each of dNTPs, 40 mM HEPES-potassium 
hydroxide buffer (pH 7.8), 125 mM potassium acetate, 5 mM 
magnesium acetate, 0.0125% bovine serum albumin, 1.25% 
dimethyl sulfoxide, 30 U of E. coli RNase H and 5.5 U of 

15 BcaBEST DNA polymerase was added to the mixture to make the 
final volume to 50 pi. The reaction mixtures were 
incubated at 60 °C for 1 hour in a thermal cycler. After 
reaction, 5 pi each of the reaction mixtures was subjected 
to electrophoresis on 3.0% agarose gel. In addition, a PCR 

20 was carried out using primers pDON-AI-3 and pDON-AI-4 
represented by SEQ ID NOS:200 and 201 in order to compare 
the sensitivities of detecting a DNA by the ICAN and the 
PCR. The PCR was carried out as follows. 50 pi of a 
reaction mixture containing 0.1 ng to 100 ng of the 

25 template, 60 pmol each of the primers, 5 pi of 10 x Ex Tag 
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buffer, 1.25 U of TaKaRa Ex Taq polymerase and 0.2 mM each 
of dNTPs was prepared. The mixtures were subjected to 
reactions using Thermal Cycler Personal as follows: 35 
cycles of 94 °C for 30 seconds, 55°C for 30 seconds and 72 °C 
5 for 30 seconds. After reaction, 5 \il each of the reaction 
mixtures was subjected to electrophoresis on 3.0% agarose 
gel. The results are shown in Figure 21. Figure 21 shows 
the results of the detection of an integrated viral gene 
from cells infected with a retrovirus vector according to 

10 the ICAN and the PCR. Lane 1: molecular weight marker (100 
bp ladder); lane 2: 1000 ng of the template; lane 3: 100 ng 
of the template; lane 4: 10 ng of the template; lane 5: 1 
ng of the template; and lane 6: 0.1 ng of the template. 
[0625] As shown in Figure 21, the amplification products 

15 of interest were observed for the ICAN using 1 ng of the 
template DNA and for the PCR of 35 cycles using 1 ng of the 
template . 

[0626] Example 37 

A method for detecting a target nucleic acid in 

20 which the amplification method of the present invention and 
a hybridization method were combined was examined for the 
detection of Escherichia coli 0-157 vero toxin I gene. 
Vero toxin I gene from enterohemorrhagic Escherichia coli 
0-157 was selected as a target. The template DNA was 

25 prepared as described in Example 21(1). A region of about 
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80 bp having a GC content of about 40% was selected as a 
region to be amplified. Primers VT1-IF4 and VT1-IR1 having 
nucleotide sequences represented by SEQ ID NOS:202 and 203 
were used as primers. The reaction was carried out as 
5 follows. Brief ly, 5 ill of a mixture containing 60 pmol 
each of the primers VT1-IF4 and VT1-IR1, propylenediamine 
at a final concentration of 0.01%, one of hot water- 
extracts corresponding to 0 to 10 s cells and sterile water 
was prepared. The mixtures were heat-denatured at 98 3 C for 
10 2 minutes, rapidly cooled to 55 °C and incubated at the 
temperature for 1 minute in Thermal Cycler Personal, and 
then placed on ice for annealing. 

[0627] After annealing, at final concentrations, 20 mM 
HEPES-potassium hydroxide buffer (pH 7.8), 100 mM potassium 

15 acetate, 1% dimethyl sulfoxide, 0.01% bovine serum albumin, 
4 mM magnesium acetate, 500 jjM each of dNTPs, 15 U of E. 
coli RNase H and 2.75 U of BcaBEST DNA polymerase were 
added to the mixture to make the final volume to 25 \il with 
sterile water. The reaction mixtures were placed in 

20 Thermal Cycler Personal which had been set at 55 °C and 
incubated at the temperature for 60 minutes. As a control, 
a PCR for the hot water-extract was carried out using 0-157 
Typing Set (Takara Shuzo) according to the manual in 
Thermal Cycler Personal. The PCR was carried out as 

25 follows: 35 cycles of 94 °C for 1 minute, 55 °C for 1 minute 
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and 72 °C for 1 minute . The total time required for the 
reaction was about 145 minutes. The expected size of the 
amplification product was 349 bp. After reaction, 3 pi 
each of the reaction mixtures was subjected to 
5 electrophoresis on 3% NuSieve 3:1 agarose. The results for 
the ICAN are shown in Figure 22. Figure 22 shows the 
results of the detection of 0-157 vero toxin I gene. Lane 
M: molecular weight marker (50-2000 bp) ; lane N: sterile 
water as template; lane 1: the template corresponding to 1 
10 cell; lane 2: the template corresponding to 10 cells; lane 
3: the template corresponding to 10 2 cells; and lane 4: the 
template corresponding to 10 3 cells. Furthermore, the 
results of the detection by the ICAN and the PCR are shown 
in Table 13. 

15 



Table 13 





Number 


of Escherichia coli 


0-157 cells 




0 


1 


10 


ICAN 






+++ 


PCR 




+ 


+ + 


- : no 


amplification; + 


to +++ indicate 


the degree of 



amplification in three grades. 

[0628] As shown in Table 13, the amplification products 
20 of interest were obtained for the reaction systems in which 




299 

the hot water-extract corresponding to 1 cell was used for 
both of the ICAN and the PCR. Furthermore, dot blot 
hybridization for the amplification products was carried 
out using an oligonucleotide probe VT1 having a nucleotide 
5 sequence represented by SEQ ID NO: 204 labeled with biotin 
at the 5 '-terminus. The hybridization was carried out as 
described in Example 32. The results were consistent with 
those obtained by the electrophoresis. Thus, it was 
confirmed that the detection sensitivities of the ICAN and 

10 the PCR were equivalent. In addition, the total time 
required for the amplification reaction using the ICAN of 
the present invention was 1/2 or shorter as compared with 
that required for the PCR. Thus, the ICAN of the present 
invention was confirmed to be effective as a method for 

15 detecting a pathogenic bacterium and the like. 
[0629] Example 38 

A method for detecting a gene for botulinum toxin 
type A was examined. A DNA prepared from Clostridium 
botulinum, a strain from a food poisoning case, type A-190 

20 was used as a template. This strain is preserved in 
Department of Hygiene, Kagawa Nutrition University. Primers 
BotA S2 and BotA A2 having nucleotide sequences represented 
by SEQ IOD NOS:205 and 206 were synthesized as primers for 
detection. The expected size of the amplification product 

25 obtained using the primer pair was about 150 bp. Solutions 
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containing 100 fg, 1 pg, 10 pg or 100 pg of the DNA from 
type A toxin-producing Clostridium botulinum in 1 \il of 
sterile water to be used as templates were prepared. The 
reaction was carried out as follows. 
5 [0630] 10 pi of a mixture containing 50 pmol each of the 

primers, propylenediamine at a final concentration of 0.01% 
and 1 tjI of one of the DNA solutions as a template was 
prepared. The mixtures were subjected to the I CAN using 
the composition of the reaction mixture and the reaction 

10 conditions as described in Example 32. As a control, a PCR 
was carried out in using a primer set for detecting 
botulinum toxin type A gene, BAS-1 and BAS-2 (Takara Shuzo) , 
according to the manual in Thermal Cycler Personal. The 
expected size of the amplification product was 284 bp. 

15 [0631] After reaction, 3 ]al each of the reaction 
mixtures was subjected to electrophoresis on 4% NuSieve 3:1 
agarose. The results are shown in Figure 23A. Figure 23A 
shows the results of the detection of the gene for 
botulinum toxin type A according to the ICAN and the PCR. 

20 Lane Ml: molecular weight marker (100 bp ladder); lane M2 : 
molecular weight marker (50-2000 bp marker); lane 1: no 
template; lane 2: 100 fg of the template; lane 3: 10 pg of 
the template; and lane 4: 100 pg of the template. 
[0632] As shown in Figure 23A, the amplification product 

25 of interest was observed for the reaction in which 100 fg 
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of the template DNA was used according to the I CAN. On the 
other hand, the amplification product of interest was not 
observed for the reaction in which 100 f g of the template 
DNA was used according to the PCR. Furthermore, dot blot 
5 hybridization for the reaction products was carried out 
using BotA probe having a nucleotide sequence represented 
by SEQ ID NO: 207. Dot blot hybridization was carried out 
as described in Example 22. The results are shown in 
Figure 23B. As shown in Figure 23B, the signals were 

10 observed using 100 fg of the template for the ICAN and 10 
■ pg of the template for the PCR, respectively. These 
results were consistent with those of the electrophoresis. 
[0633] Example 39 

Detection of chrysanthemum viroid was examined. 

15 10-fold serial dilutions of low molecular weight RNA 
obtained according to the method for extracting low 
molecular weight RNAs from chrysanthemum infected with 
chrysanthemum stunt viroid (CSVd) as described in Example 1 
of JP-A 9-140383 were prepared. A reverse transcription 

20 reaction was carried out using RNA PCR kit (AMW) ver 2.1 
(Takara Shuzo) . Specifically, 20 jjl of a reaction mixture 
for reverse transcription containing 1 x RNA PCR Buffer, 5 
mM MgCl 2 , 1 mM each of dNTPs, 20 U of RNase Inhibitor, 5 U 
of AMV Reverse Transcriptase XL, 50 pmol of Random 9mers, 1 

25 ill of one of the serial dilutions of the RNA was prepared. 
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The mixtures were warmed at 30 °C for 10 minutes, reacted at 
55 °C for 30 minutes and then heated at 99 °C for 5 minutes 
for inactivating the reverse transcriptase. After cooling, 
the I CAN was carried out. 1 ]il of the reverse 

transcription reaction mixture was used as a template for 
50 ]al of a reaction mixture for the I CAN. Primers CSVD-F4 
and CSVD-R3 having nucleotide sequences represented by SEQ 
ID NOS:208 and 209 were used as primers in this Example. 
The reaction was carried out as described in Example 32 
except that reaction temperature was 60 °C and that Thermal 
Cycler MP was used. After reaction, 3 pi each of the 
reaction mixtures was subjected to electrophoresis on 3% 
NuSieve 3 : 1 agarose . 

[0634] On the other hand, PCR amplification was carried 
out in a reaction system of 50 \xl using 1 ]il of the same 
reverse transcription reaction mixture as a template. 
Primers F94 and R264 represented by SEQ ID NOS:198 and 199 
were used as primers. The reaction was carried out as 
follows. Briefly, a reaction mixture was prepared using 
TaKaRa PCR Amplification kit according to the protocol. 10 
pmol each of the primers and 1 ]xl of one of the reverse 
transcription reaction mixture were added thereto to make 
the total volume to 50 An amplification reaction was 

carried out using Thermal Cycler MP. The reaction was 
carried out as follows: 30 cycles of 94 °C for 30 seconds, 
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55 °C for 30 seconds and 72 °C for 30 seconds. After 
reaction, 5 ]il each of the reaction mixtures was subjected 
to electrophoresis on 3% NuSieve 3:1 agarose. The results 
are shown in Table 14. 

5 



Table 14 



Dilution rate of 


10 2 


10 3 


RNA as template 






RT-ICAN 


++ 


+ 


RT-PCR 


+ 





-: not amplified; +: amplified; + + : amplified well. 



[0635] As shown in Table 14 , the amplification product 
was observed for the reaction in which the 10 3 -f old-diluted 
10 RNA sample was used as a template according to the I CAN. 

On the other hand, the amplification product was observed 
for the reaction in which the 10 2 -f old-diluted RNA sample 
was used as a template according to the PCR. 

[0636] Furthermore, the ICAN-amplif ied products and the 

15 PCR- amplified products were confirmed to be the products of 
interest by dot blot hybridization. Dot blot hybridization 
was carried out using CSVD probe having a nucleotide 
sequence represented by SEQ ID NO: 210 labeled with biotin 
at the 5 '-terminus. Hybridization was carried out as 
20 described in Example 22. The results were consistent with 
those of the electrophoresis. The signals were observed 
using the 10 3 -f old-diluted RNA sample for the ICAN and the 
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10 2 -f old-diluted RNA sample for the PCR, respectively, 
demonstrating that the ICAN was more sensitive than the PCR. 
[0637] Example 40 

Detection of a viroid gene from chrysanthemum 
5 infected with chrysanthemum dwarfing viroid (CSVd) using 
Pfu RNase H was examined* 60 \xl of a mixture containing 3 
\il of one of the 10-fold serial dilutions of the RNA as 
prepared in Example 39, 10 mM tris-hydrochloride buffer (pH 
8.3), 50 mM potassium chloride, 5 mM magnesium chloride, 1 

10 mM each of dNTPs, 150 pmol of Random 6mers, 60 U of 
Ribonuclease Inhibitor (Takara Shuzo) and 15 U of Reverse 
Transcriptase XL (AMV) (Takara Shuzo) was incubated at 30 °C 
for 10 minutes and at 42 °C for 1 hour and then heated at 
99 °C for 5 minutes for inactivating the enzyme using a 

15 thermal cycler (GeneAmp PCR System 9600, Applied 
Biosystems) to prepare a cDNA. Primers Vdl, Vd2, Vd3 and 
Vd4 represented by SEQ ID N0S:211 to 214 were synthesized 
based on the nucleotide sequence of the mRNA for the viroid. 
[0638] 50 \il of a mixture containing 50 pmol each of the 

20 primers Vdl and Vd2, 1 yl of the cDNA solution synthesized 
as described above, a 10-, 100-, 1000- or 10000-fold 
dilution thereof with water or water for a negative control 
as a template, 0.5 mM each of dNTPs, 32 mM HEPES-potassium 
hydroxide buffer (pH 7.8), 100 mM potassium acetate, 4.0 mM 

25 magnesium acetate, 0.01% bovine serum albumin, 1% dimethyl 
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sulfoxide, 0.0156 ug of Pfu RNase H and 1 U of BcaBEST DNA 
polymerase was incubated at 57 °C for 1 hour in a thermal 
cycler . The reacted samples were stored by freezing at - 
20 °C until being analyzed. 
5 [0639] A PCR was carried out as a control. Briefly, 50 
]il of a reaction system containing 50 pmol each of the 
primers Vd3 and Vd4, 1 yl of the cDNA solution, a 10-, 100-, 
1000- or 10000-fold dilution thereof with water or water 
for a negative control, 5 ]il of 10 x Ex Taq buffer, 1.25 U 

10 of TaKaRa Ex Taq polymerase and 0.2 mM each of dNTPs was 
subj ected to a reaction in a thermal cycler . The program 
was as follows: 1 cycle of 94 °C for 2 minute; 35 cycles of 
94 °C for 30 seconds, 55°C for 30 seconds and 72 °C for 30 
seconds; and 1 cycle of 72 °C for 5 minutes. The reacted 

15 samples were stored by freezing at -20 °C until being 
analyzed. 

[0640] 5 iil each of the reaction mixtures of the ICAN 
and the PCR was subjected to electrophoresis on 3.0% 
agarose gel. The results are shown in Figure 24. Figure 

20 24 shows the results of the detection of a viroid according 
to the ICAN using Pfu RNase H and the PCR. Lane 1: 100 bp 
DNA ladder marker; lane 2: negative control; lane 3: 10000- 
fold dilution of the cDNA; lane 4: 1000-fold dilution of 
the cDNA; lane 5: 100-fold dilution of the cDNA; lane 6: 

25 10-fold dilution of the cDNA; and lane 7: the original 




306 

solution of the cDNA. 

[0641] As shown in Figure 24, the amplification products 
of interest were observed using the 100-fold dilution of 
the cDNA for both of the I CAN and the PCR. 
5 [0642] Example 41 

Detection of K-ras gene was examined, 
[0643] (1) Detection from genomic DNA 

Primers c-Ki-ras-1 and c-Ki-ras-2 represented by 
SEQ ID NOS:215 and 216 were constructed based on the 

10 nucleotide sequence of human c-Ki-ras, 

[0644] 10 \xl of a mixture containing 60 pmol each of the 

primers, 2 pi of a 0.25% aqueous solution of 
propylenediamine and 1 ng to 100 ng of human genomic DNA 
(Clontech) as a template was prepared. The mixtures were 

15 heated at 98 °C for 2 minutes and then 53 °C in Thermal 
Cycler Personal to anneal the primers to the template. 
[0645] After annealing, 40 ]il of a reaction mixture 
containing 0.625 mM each of dNTPs, 40 mM HEPES-potassium 
hydroxide buffer (pH 7.8), 125 mM potassium acetate, 5 mM 

20 magnesium acetate, 0.0125% bovine serum albumin, 1.25% 
dimethyl sulfoxide, 30 U of E. coli RNase H and 5.5 U of 
BcaBEST DNA polymerase was added to the mixture to make the 
final volume to 50 ]al . The reaction mixtures were 

incubated at 53 °C for 1 hour. After reaction, 5 \il each of 

25 the reaction mixtures was subjected to electrophoresis on 
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3.0% agarose gel. 

[0646] On the other hand, a PCR was carried out as a 
control. Primers c-Ki-ras-3 and c-Ki-ras-4 represented by 
SEQ ID NOS:217 and 218 were used as primers. 50 pi of a 
5 solution containing 60 pmol each of the primers, 0.1 ng to 
100 ng of the template, 5 jjlI of 10 x Ex Taq buffer, 1.25 U 
of TaKaRa Ex Taq polymerase and 0.2 mM each of dNTPs was 
prepared. The mixtures were subjected to reactions using 
Thermal Cycler Personal as follows: 30 or 35 cycles of 94 °C 

10 for 30 seconds, 55 °C for 30 seconds and 72 °C for 30 seconds. 
After reaction, 5 ]il each of the reaction mixtures was 
subjected to electrophoresis on 3.0% agarose gel. The 
results are shown in Figure 25. Figure 25 shows the 
results of the detection of c-Ki-ras gene from human 

15 genomic DNA according to the ICAN and the PCR. For the 
I CAN, lane 1: molecular weight marker; lane 2: 100 ng of 
the template; lane 3: 10 ng of the template; lane 4: 1 ng 
of the template; and lane 5: no template. For the PCR, 
lane 1: 100 ng of the template; lane 2: 10 ng of the 

20 template; lane 3: 1 ng of the template; and lane 4: no 
template . 

[0647] As shown in Figure 25, the amplification products 
of interest were observed using 1 ng of the template for 
the ICAN and 10 ng of the template for the PCR of 30 cycles. 
25 The comparative results for the amounts of the 
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amplification products obtained by the ICAN and the PCR 
using 1 ng to 100 ng of the template are shown in Figure 30. 
As shown in Figure 30, it was confirmed that the amount of 
the amplification product obtained by the ICAN was greater 
5 than that by the PCR. 

[0648] (2) Detection from blood sample 

Genomic DNAs were prepared using Dr. GenTLE™ 
(for Whole Blood) (Takara Shuzo) from 100 p.1 each of blood 
samples collected from a healthy individual using sodium 

10 citrate or heparin as an anticoagulating agent. Detection 
of c-Ki-ras gene by the ICAN was carried out as described 
in ( 1 ) above using the prepared DNA corresponding to 0.04 
to 5 \il of the blood. Furthermore, detection by PCR using 
the DNA from 0.04 to 5 ]il of the blood sample was carried 

15 out as described in (1) above in order to compare the 
sensitivities for detecting a DNA by the ICAN and the PCR. 
The results are shown in Figure 26. Figure 2 6 shows the 
results of the detection of c-Ki-ras gene from blood 
samples according to the ICAN and the PCR. For the ICAN, 

20 lane 1: molecular weight marker; lane 2: 5 |il of citrated 
blood; lane 3: 1 jil of citrated blood; lane 4: 0.2 yl of 
citrated blood; lane 5: 0.04 |il of citrated blood; lane 6: 
5 yl of heparinized blood; lane 7: 1 \il of heparinized 
blood; lane 8: 0.2 \il of heparinized blood; and lane 9: 

25 0.04 |il of heparinized blood. For the PCR, lane 1: 
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molecular weight marker; lane 2: 5 |il of citrated blood, 30 
cycles; lane 3: 1 jjl of citrated blood, 30 cycles; lane 4: 
0.2 ]jl of citrated blood, 30 cycles; lane 5: 0.04 pi of 
citrated blood, 30 cycles; lane 6: 5 pi of citrated blood, 
5 35 cycles; lane 7: 1 pi of citrated blood, 35 cycles; lane 
8: 0.2 pi of citrated blood, 35 cycles; lane 9: 0.04 p.1 of 
citrated blood, 35 cycles; lane 10: 5 pi of heparinized 
blood, 30 cycles; lane 11: 1 pi of heparinized blood, 30 
cycles; lane 12: 0.2 pi of heparinized blood, 30 cycles; 

10 lane 13: 0.04 pi of heparinized blood, 30 cycles; lane 14: 
5 pi of heparinized blood, 35 cycles; lane 15: 1 pi of 
heparinized blood, 35 cycles; lane 16: 0.2 pi of 
heparinized blood, 35 cycles; and lane 17: 0.04 pi of 
heparinized blood, 35 cycles. 

15 [0649] As shown in Figure 26, the amplification products 
of interest were observed using the genomic DNA 
corresponding to 0.2 pi of either of the blood samples for 
the I CAN, and the genomic DNA corresponding to 0.2 pi of 
either of the blood samples (citrated or heparinized) for 

20 the PCR of 30 cycles, respectively. 
[0650] Example 42 

Detection of Escherichia coli 0-157 vero toxin 2 
(VT-2) gene using Bca RNase HIII was examined. 
Enterohemorrhagic Escherichia coli 0-157 was cultured in 

25 mEC medium containing novobiocin at 42 °C for 18 hours, and 
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then heated at 95 °C for 10 minutes. Dilutions 
corresponding to 0, 1, 10, 10 2 or 10 3 cells in sterile 
water were prepared and used as templates. Primers VT-2 
IF4 and VT-2 1R3 having nucleotide sequences represented by 
5 SEQ ID NOS:219 and 220 were synthesized as primers for 
detection. The expected size of the amplification product 
obtained using the primer pair was about 146 bp. The 
reaction was carried out as follows . Briefly, 10 \il of a 
mixture containing 50 pmol each of the primers, 

10 propylenediamine at a final concentration of 0.01% and one 
of the hot water-extracts was prepared. The mixtures were 
heated at 98 °C for 2 minutes and incubated at 55 °C for 1 
minute in Thermal Cycler Personal, and then placed on ice. 
At final concentrations, 34 mM Tricine buffer (pH 8.7), 10 

15 mM potassium chloride, 10 mM ammonium sulfate, 1% dimethyl 
sulfoxide, 0.01% bovine serum albumin, 4 mM magnesium 
acetate, 500 pM each of dNTPs, 32 U of Bca RNase HIII as 
prepared in Referential Example 3(5) and 5.5 U of BcaBEST 
DNA polymerase were added to the mixture to make the final 

20 volume to 50 pi. The reaction mixtures were placed in a 
thermal cycler which had been set at 55 °C and reacted at 
the temperature for 60 minutes. After reaction, 3 ]il each 
of the reaction mixtures was subjected to electrophoresis 
on 4% NuSieve 3:1 agarose. The results are shown in Figure 

25 27. Figure 27 shows the results of the detection of 
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Escherichia coli 0-157 vero toxin II (VT2) gene using Bca 
RNase HIII. Lane M: molecular weight marker (100 bp 
ladder); lane N: sterile water as template; lane 1: the 
template corresponding to 1 cell; lane 2: the template 
5 corresponding to 10 cells; lane 3: the template 
corresponding to 10 2 cells; and lane 4: the template 
corresponding to 10 3 cells. 

[0651] As shown in Figure 27, VT2 gene was detected 
using the hot water-extract corresponding to 1 cell 

10 according to the I CAN. These results were equivalent to 
those of the detection reactions according to the ICAN 
using E. coli RNase H and the PCR as described in Example 
22. Thus, it was confirmed that the ICAN using a heat- 
resistant RNase H, Bca RNase HIII, was also effective in 

15 detecting a virus, a bacterium and the like. 
[0652] Example 43 

Detection of Staphylococcus aureus enterotoxin A 
gene was examined. Primers SEA-1 and SEA-2 represented by 
SEQ ID NOS:225 and 226 were synthesized based on the 

20 nucleotide sequence of the enterotoxin A gene region of 
Staphylococcus aureus. 50 yl of a reaction mixture 
containing 1 \xl of a solution containing 115 pg or 1.15 ng 
of a genomic DNA from Staphylococcus aureus (ATCC accession 
no. 13565) or 1 \il of water for a negative control, 50 pmol 

25 each of the primers, 0.5 mM each of dNTPs, 32 mM HEPES- 
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potassium hydroxide buffer (pH 7.8), 100 mM potassium 
acetate, 4.0 mM magnesium acetate, 0.01% bovine serum 
albumin, 1.0% dimethyl sulfoxide, 0.0156 \ig of Pfu RNase H 
and 1 U of BcaBEST DNA polymerase was incubated at 58 °C for 
5 1 hour in a thermal cycler. After reaction, 5 ]il each of 
the reaction mixtures was analyzed by electrophoresis on 
3.0% agarose gel. The results are shown in Figure 29. 
Figure 29 shows the results of electrophoresis for the 
detection of Staphylococcus aureus enterotoxin A gene. 

10 Lane 1: molecular weight marker (100 bp ladder); lane 2: 
negative control (sterile water); lane 3: 115 pg of the 
template; and lane 4: 1.15 ng of the template. 
[0653] As shown in Figure 29, the amplification product 
of interest was observed using about 1.15 ng of the 

15 template. 

[0654] Example 44 

Detection of hepatitis C virus (HCV) was examined. 
Primers HCV-F3 and HCV-R1 having nucleotide seguences 
represented by SEQ ID NOS:227 and 228 were synthesized 

2 0 based on the nucleotide sequence of HCV. A template DNA 
was prepared as follows. Briefly, 4 pi of a mixture 
containing RNA prepared as described in Example 34 from 100 
yl of a serum from a healthy individual or a patient with 
HCV, 10 mM tris-hydrochloride buffer (pH 8.3), 5 mM MgCl 2 , 

25 1 mM each of dNTPs, 10 pmol of Random 6mers primer and 10 U 
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of Reverse Transcriptase XL (Takara Shuzo) was incubated at 
30 °C for 10 minutes and at 42 °C for 1 hour and then heated 
at 99 °C for 5 minutes for inactivating the enzyme using a 
thermal cycler (Gene Amp PCR System 960 0, Applied 
5 Biosystems) to prepare a cDNA. 

[0655] An ICAN was carried out at 55 °C for 1 hour as 
described in Example 2 6 except that 1 pi . of the cDNA 
reaction mixture and 100 pmol each of the primers HCV-F3 
and HCV-R1 were used. After reaction, 2.5 pi each of the 

10 reaction mixtures was subjected to electrophoresis on 3.0% 
agarose gel. The results are shown in Figure 31. Figure 
31 shows the results of electrophoresis for the detection 
of hepatitis C virus. Lane 1: molecular weight marker (100 
bp); lane 2: the template prepared from a serum from a 

15 healthy individual; and lanes 3 to 6: the templates 
prepared from sera from patients infected with HCV. 
[0656] As shown in Figure 31, it was confirmed that HCV 
could be specifically detected from the serum samples from 
patients infected with HCV. 

20 [0657] Example 45 

The amplification method of the present invention 
was examined. 

[0658] (1) A PCR was carried out using the pUC19-150 

plasmid DNA as prepared in Example 15(2) as a template and 
25 primers MCS-F and MCS-R represented by SEQ ID NOS:124 and 
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125. A PCR- amplified fragment of 534 bp was obtained by 
purifying the reaction mixture using Microcon-100 
(Millipore) . A reaction mixture containing 15 ng of the 
PCR fragment and 30 pmol of a primer MR1 having a 
5 nucleotide sequence represented by SEQ ID NO: 229 labeled 
with [y- 32 P]ATP by phosphorylation at the 5 '-terminus and 
sterile distilled water to 5 ]il and a reaction mixture 
further containing 30 pmol of a primer MR2 having a 
nucleotide sequence represented by SEQ ID NO: 230 were 

10 prepared. The reaction mixtures were heat-denatured at 
98 °C for 2 minutes and then cooled to 55 °c. 20 \xl of a 
reaction mixture (42.5 mM Tricine buffer (pH 8.7), 12.5 mM 
potassium chloride, 12.5 mM ammonium sulfate, 0.0125% BSA, 
1.25% DMSO, 5 mM magnesium acetate, 0.625 mM each of dNTPs) 

15 containing 1 U of BcaBEST DNA polymerase was added to the 
reaction mixture. The resulting mixture was reacted at 
55°C for 15 minutes. After reaction, 2.5 of a reaction 
termination solution (95% formamide, 20 mM EDTA, 0.05% 
Bromophenol Blue, 0.5% xylene cyanol) was added to 5 ]il of 

2 0 the reaction mixture. The mixture was heat-denatured at 
94 °C for 3 minutes. 1.6 \il each of the reaction mixtures 
was subjected to electrophoresis on 6% polyacrylamide gel 
containing 8 M urea and the signals were read using BAS2000 
(Fujix) to detect products extended from the primer MR1 . 

25 The results are shown in Figure 32A. The sequence ladder 
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in Figure 32A was prepared by sequencing M13mpl8 single 
strand DNA (Takara Shuzo) using the primer MF2 labeled with 
[ y- 32 P] ATP by phosphorylation and used for the 
determination of the length of the extension product. Lane 
5 1: a combination of the primers MF2 and MR1; and lane 2: 
MR1 . 

[0659] As shown in Figure 32A, a band of 448 bp extended 
from the primer MR1 to the end of the template was detected 
when the extension reaction was carried out by adding only 

10 the primer MR1 to the template. On the other hand, a band 
of 373 bp bounded by the primers MR1 and MF2 was detected 
in addition to the above-mentioned band by further adding 
the primer MF2 . Thus, it was confirmed that the extension 
from the MR1 primer using the PCR- amplified fragment as a 

15 template by the action of BcaBEST DNA polymerase was 
switched due to template switching to the extension using a 
strand extended from the primer MF2 as a template. 
Furthermore, template switching was observed when Klenow 
DNA polymerase was used as a mesophilic DNA polymerase 

20 having a strand displacement activity under similar 
conditions. On the other hand, template switching was not 
observed when TaKaRa Taq DNA polymerase (Takara Shuzo) or 
PyroBEST DNA polymerase (Takara Shuzo) without a strand 
displacement activity was used. 

25 [0660] (2) The template switching reaction was examined 
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using a template DNA strand with a primer being annealed 
thereto. DNA fragments to which the primers MF2 and MR1 
could be annealed were prepared as follows. PCRs were 
carried out using the plasmid pUC19 as a template and 
5 primers MCSF and RV (Takara Shuzo) or primers M4 (Takara 
Shuzo) and MCSR. The reaction mixtures were purified using 
Microcon-100 to obtain PCR- amplified fragments MSCF-RV (236 
bp) and M4-MCSR (271 bp) . The region bounded by the 
primers M4 and RV was commonly present in the two PCR- 

10 amplified fragments. 

[0661] Next, a template-primer (1) in which template DNA 
strands with primers being annealed thereto were not 
annealed each other, and a template-primer (2) in which 
template DNA strands with primers being annealed thereto 

15 were annealed each other were prepared as follows. 

[0662] (1) A reaction mixture containing 30 ng of the 

fragment MCSF-RV, 40 pmol of the primer MF2 labeled with 
[Y~ 32 P]ATP by phosphorylation at the 5 '-terminus, 
propylenediamine at a final concentration of 0.01% and 

20 sterile distilled water to 5 ]il f and a mixture containing 
30 ng of the fragment M4-MCSR, 40 pmol of the primer MR1, 
propylenediamine at a final concentration of 0.01% and 
sterile distilled water to 5 pi were separately heat- 
denatured at 98 °C for 2 minutes and then cooled to 55 °C. 

25 2.5 ]il each of the reaction mixtures were mixed together to 
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prepare a template-primer. 

[0663] (2) A reaction mixture containing 15 ng of the 

fragment MCSF-RV, 15 ng of the fragment M4-MCSR, 2 0 pmol of 
the primer MF2 labeled with [y- 32 P]ATP by phosphorylation 
5 at the 5 '-terminus, 2 0 pmol of the primer MR1, 
propylenediamine at a final concentration of 0.01% and 
sterile distilled water to 5 yl was heat-denatured at 98 °C 
for 2 minutes and then cooled to 55 °C to prepare a 
template-primer . 

10 [0664] 20 pi of a reaction mixture (42.5 mM Tricine 
buffer (pH 8.7) , 12.5 mM potassium chloride, 12.5 mM 
ammonium sulfate, 0.0125% BSA, 1.25% DMSO, 5 mM magnesium 
acetate, 0.625 mM each of dNTPs) containing 1 U of BcaBEST 
DNA polymerase was added to 5 ]il of the template-primer 

15 reaction mixture. The resulting mixture was reacted at 
55 °C for 15 minutes. After reaction, 2.5 pi of a reaction 
termination solution (95% formamide, 20 mM EDTA, 0.05% 
Bromophenol Blue, 0.5% xylene cyanol) was added to 5 \il of 
the reaction mixture. The mixture was heat-denatured at 

20 94 °C for 3 minutes. 1.6 jil each of the reaction mixtures 
was subj ected to electrophoresis on 6% polyacryl amide gel 
containing 8 M urea and the signals were read using BAS2000 
(Fujix) to detect products extended from the primer MF2 . 
The results are shown in Figure 32B . The sequence ladder 

25 in Figure 32B was prepared by sequencing M13mpl8 single 
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strand DNA using the primer MR1 labeled with [y- 32 P]ATP by 
phosphorylation and used for the determination of the 
length of the extension product. Lane 1: template DNA 
strands not being annealed each other; and lane 2: template 
5 DNA strands being annealed each other. 

[0665] As shown in Figure 32B, only a band of 161 bp 
extended from the primer MF2 to the end of the template was 
detected for the template-primer in which template DNA 
strands with primers being annealed thereto were not 

10 annealed each other. On the other hand, a band of 223 bp 
bounded by the primers MF2 and MR1 in addition to the 
above-mentioned band was detected for the template-primer 
in which template DNA strands with primers being annealed 
thereto were annealed each other . Thus, it was confirmed 

15 that a template switching reaction took place if template 
DNA strands with primers being annealed thereto were 
annealed each other, 
[0666] Example 46 

( 1 ) Detection of Mycobacterium tuberculosis was 

20 examined using the RNase H derived from Archaeoglobus 
fulgidus (Afu) described in Referential Example 7. Primers 
MT1S2F (SEQ ID NO:244) and MTIS2R (SEQ ID NO:245) were 
synthesized on the basis of the nucleotide sequence of the 
Mycobacterium tuberculosis genome registered in GenBank 

25 under accession number AL123456. The length of the region 
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bordered by the primer pair including the primer portions 
is 103 bp. Mycobacterium tuberculosis genomic DNA as a 
template was extracted from dried BCG vaccine (Nippon BCG 
Seizo) according to a conventional method. Solutions 
5 containing 100 pg, 10 pg, 1 pg, 100 fg, 10 fg or 1 fg of 
the genomic DNA per \xl of sterile water were prepared. 
Reactions were carried out as follows. Briefly, at final 
concentrations, 32 mM HEPES-potassium hydroxide buffer (pH 
7,8), 100 mM potassium acetate, 1% DMSO, 0.01% BSA, 4 mM 

10 magnesium acetate, 500 jjM each of dNTPs, 50 pmol each of 
the primers MTIS2F and MTIS2R, 8.75 U of RNase H from Afu, 
8 U of BcaBEST DNA polymerase and 1 ]il of one of the 
templates were mixed and the final volume was made to 50 \xl 
with sterile water. The reaction mixtures were placed in 

15 Thermal Cycler Personal which had been set at 60 °C and 
incubated for 60 minutes. After reaction, 3 \il each of the 
reaction mixtures was subjected to electrophoresis on 3.0% 
agarose gel . 

[0667] On the other hand, a PCR was carried out as a 
20 control. Primers MTIS PCR-F and MTIS PCR-R as described in 
Rinsho Byori (the Japanese Journal of Clinical Pathology) , 
43 (9) : 941-947 (1995) were used as primers. An 
amplification product of 276 bp is obtained using the 
primer pair. A reaction mixture of 50 ]il was prepared 
25 using 10 pmol each of the primers according to the 
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instruction manual attached to Ex Taq DNA polymerase 
(Takara Shuzo) . The reaction mixture was placed in Thermal 
Cycler and subjected to a reaction of 40 cycles each cycle 
consisting of 94 °C for 30 seconds, 50 °C for 30 seconds and 
72 °C for 30 seconds. After reaction, 3 ]il each of the 
reaction mixtures was subjected to electrophoresis on 3.0% 
agarose gel . 

[0668] As a result, the amplification products of 
interest were observed in either case using 100 f g of the 
template . 

[0669] (2) Detection of Chlamydia trachomatis was 

examined using RNase H from Afu or RNase H from Pyrococcus 
horikoshii (Pho) . Primers CT2F (SEQ ID NO: 246) and CT2R 
(SEQ ID NO: 247) were synthesized on the basis of the 
nucleotide sequence of the Chlamydia trachomatis plasmid 
registered in GenBank under accession number X06707. The 
length of the region bordered by the primer pair including 
the primer portions is 109 bp. A samples as a template DNA 
was prepared by subjecting a clinical specimen obtained 
from a patient agreed with the informed concent to phenol- 
chloroform treatment and ethanol precipitation, and 
collecting a DNA. Reactions were carried out as follows. 
Briefly, at final concentrations, 32 mM HEPES-potassium 
hydroxide buffer (pH 7.8), 100 mM potassium acetate, 1% 
DMSO, 0.01% BSA, 4 mM magnesium acetate, 500 yM each of 
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dNTPs, 50 pmol each of the primers CT2F and CT2R, 46.4 U of 
RNase H from Pho or 8.75 U of RNase H from Afu, 8 U of 
BcaBEST DNA polymerase and 1 yl of the sample were mixed 
and the final volume was made to 50 \il with sterile water. 
The reaction mixtures were placed in Thermal Cycler 
Personal which had been set at 55 °C and incubated for 60 
minutes. After reaction, 3 \il each of the reaction 
mixtures was subjected to electrophoresis on 3.0% agarose 
gel. As a result, the amplification products of interest 
was observed. These results demonstrate that Chlamydia 
trachomatis can be detected using RNase H from Afu or Pho 
in the method of the present invention. 

[0670] (3) Furthermore, detection using magnetic beads 

in a commercially available detection instrument was 
examined. Briefly, an amplification reaction was carried 
out as described in (1) above using the primer MTIS2R used 
in (1) above labeled at its 5 '-terminus with biotin as a 
primer and 100 ng of the Mycobacterium tuberculosis genomic 
DNA as a template. The resulting amplified fragment was 
diluted 30-fold, 300-fold or 3000-fold and subjected to 
detection using streptoavidin-coated magnetic beads 
(Pierce) in an automated detection instrument Lumipuls 
(Fujirebio) . Magnetic beads having streptoavidin capable 
of binding 100 pmol of biotin being immobilized was reacted 
with the biotinylated amplified fragment for 5 minutes on 
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the first layer of a cuvette. 0.1 N NaOH was then added 
thereto. Hybridization with a FITC-labeled probe MTISBF 
was carried out for 5 minutes. After washing, a POD- 
labeled anti-FITC antibody was added thereto. After 
reacting for 5 minutes and washing, a luminescent 

substrate was added thereto. As a result, it was shown 
that detection can be carried out semi-quantitatively in a 
short time (20 minutes) using magnetic beads in a 
conventional automated detection instrument. The detection 
was carried out by measuring the luminescence level by 
photocounting. The results are shown in Table 15. 



Table 15 



Mycobacterium 
tuberculosis 
amplicon 


Photocounting 


S/N 


ratio 


x 30 


3.55 x 10 7 


29 


. 6 


x 300 


1.21 x 10 7 


10 


.0 


x 3000 


0.21 x 10 7 


1 


.75 


0 


0.12 x 10 7 







[0671] The results in Table 15 demonstrate that 
detection can be carried out with sensitivity equivalent to 
that of the conventional plate luminescence method. 
[0672] (4) A hybrid chromatography method was examined 

as a method for detecting the above-mentioned amplified 
fragment. Streptoavidin (Nacalai Tesque) was immobilized 
onto a nitrocellulose membrane. A water-absorptive pad was 
connected therewith to construct a hybrid chromatography 
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strip. This strip was used to detect the amplified 
fragment used in (3) above according to a hybrid 
chromatography method. Detection was carried out by color 
development using 1-step TMB-Blotting (Pierce) . 
5 Specif ically, a reaction mixture containing the amplified 
fragment was developed on the nitrocellulose membrane. 
Then, 0.1 N NaOH solution, FITC-labeled probe, washing 
solution and color development solution were developed in 
this order. As a result, a blue band was detected for the 

10 amplified fragment derived from a Mycobacterium 
tuberculosis-positive sample. It was demonstrated that 
this method is useful as a rapid gene examination method 
because, using this method, results are obtained with naked 
eyes in 5 to 10 minutes by the method of the present 

15 invention. 

[0673] Example 47 

(1) Southern hybridization analysis of amplified 
products containing laddered bands 

In some cases, plural high molecular weight 

20 laddered bands other than three bands of interest may be 
observed in the amplification method of the present 
invention. The laddered bands were examined. 

Enterohemorrhagic E. coli 0-157 was selected as a target. 
A template DNA, chimeric primers and reaction conditions 

25 for ICAN were as described in Example 22. After reaction, 



5 \il of the reaction mixture was subjected to 
electrophoresis on 3% NuSieve 3:1 agarose gel. The results 
are shown in Figure 37. In Figure 37, the lanes represent 
results for the following: lane M: 100 bp DNA ladder 
marker; lane 1: negative control; lane 2: the heated 
extract corresponding to 1 cell; lane 3: the heated extract 
corresponding to 10 cells; lane 4: the heated extract 
corresponding to 10 2 cells; lane 5: the heated extract 
corresponding to 10 3 cells; lane 6: the heated extract 
corresponding to 10 4 cells; and lane 7: the heated extract 
corresponding to 10 5 cells. Ladder bands were observed as 
shown in Figure 37. 

[0674] (2) Analysis of laddered amplified fragments 

The nucleotide sequences of the laddered bands 
obtained in (1) above were analyzed. Briefly, 50 jjl of the 
reaction mixture prepared in (1) was subjected to 
electrophoresis on 3% agarose gel. After electrophoresis, 
the laddered bands were excised from the gel. The 
amplified DNA fragments were then recovered from the gel 
using EASYTRAP Ver.2 (Takara Shuzo) . The recovered 

amplified fragments were blunt-ended using DNA Blunting kit 
(Takara Shuzo) . 

[0675] The blunt-ended DNA fragments were ligated with a 
vector pGEM-3Z (Promega) digested with a restriction enzyme 
Hindi (Takara Shuzo) using DNA ligation Kit (Takara Shuzo) . 



325 



The ligation mixtures were used to transform competent 
cells of JM109 (Takara Shuzo) . After transf ormatin, the 
cells were cultured on LB agar plate containing 0.1 mM 
ampicillin, 1 mM IPTG and 0.02% X-gal at 37 °C overnight. 
[0676] After cultivation, several white colonies were 
selected from the plates. Colony PCRs were carried out 
using primers M13-M4 and M13-RV (both from Takara Shuzo) to 
determine the presence of an insert. Colonies having 
inserts were cultured with shaking in LB liquid medium 
containing 0.1 mM ampicillin at 37 °C overnight. After 
cultivation, plasmids were purified from cells using QIAGEN 
plasmid mini Kit (Qiagen) . The sequences of fragments 
cloned at the Hindi sites of the plasmids were analyzed in 
both directions using primers M13-M4 and M13-RV according 
to a conventional method. 

[0677] As a result, it was demonstrated that the 
laddered fragment obtained by the method of the present 
invention has a structure in which the region to be 
amplified is repeated. Furthermore, it was confirmed that 
the repetition is in the same direction from 5 1 to 3 T . 
[0678] (3) The laddered amplified fragments other than 

three amplified fragments of interest formed in the method 
of the present invention for detecting Mycobacterium 
tuberculosis, HCV or Chlamydia trachomatis were examined. 
HCV was detected under conditions as described in Example 
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44. Mycobacterium tuberculosis or Chlamydia trachomatis 
was detected under conditions as described in Example 46. 
The resulting laddered amplified fragments were subcloned 
and sequenced as described in (2) above. As a result, it 
5 was demonstrated that the laddered fragment obtained by the 
method of the present invention has a structure in which 
the region to be amplified is repeated. Furthermore, it 
was confirmed that the repetition is in the same direction 
from 5 T to 3 T . 

10 [0679] Example 48 

(1) The detection method of the present invention 
for Mycobacterium tuberculosis was examined. First, 
primers K-F-1033(60) (SEQ ID NO:248) and K-F-1133(62) (SEQ 
ID NO: 249) were synthesized for amplifying a region with 

15 relatively low GC content in the Mycobacterium tuberculosis 
genome. Serial dilutions containing 100 fg to 10 pg of the 
Mycobacterium tuberculosis genomic DNA as described in 
Example 4 6(1) were used as templates. The reaction was 
carried our as follows. Briefly, at final concentrations, 

20 32 mM HEPES-potassium hydroxide buffer (pH 7.8), 100 mM 
potassium acetate, 1% DMSO, 0.01% BSA, 4 mM magnesium 
acetate, 500 yM each of dNTPs, 50 pmol each of the primers 
K-F-1033(60) and K-F-l 1 33 ( 62 ) , 9.375 U of RNase HII from 
Pfu or 4.375 U of RNase H from Afu, 2.75 U of BcaBEST DNA 

25 polymerase and 1 yl of one of the templates were mixed and 
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the final volume was made to 25 \il with sterile water. The 
reaction mixtures were placed in Thermal Cycler Personal 
which had been set at 62 0 C and incubated for 60 minutes. 
After reaction, 3 \il each of the reaction mixtures was 
5 subjected to electrophoresis on 3.0% agarose gel. As a 
result, it was demonstrated that the amplification products 
could be detected using 100 fg to 10 pg of the genomic DNA 
as a template and either RNase H. 

[0680] (2) The method as described in (1) above was 

10 examined using primers having higher Tm values. First, 
primers K-F-1033(68) (SEQ ID NO:250) and K-F-1133(68) (SEQ 
ID NO: 251) were synthesized. The amplification reaction 
was carried out under the same conditions as those 
described in (1) above except that the reaction temperature 

15 was 63 °C. After reaction, 3 ]il each of the reaction 
mixtures was subjected to electrophoresis on 3.0% agarose 
gel. The results are shown in Figure 38. Figure 38 
illustrates results of electrophoresis of Mycobacterium 
tuberculosis genome amplified using RNase H from Pfu or 

20 RNase H from Afu. Lanes 1 to 4 represent results obtained 
using RNase HII from Pfu and the following amount of 
template DNA: lane 1: 10 pg; lane 2: 1 pg; lane 3: 100 fg; 
and lane 4: negative control. Lanes 5 to 8 represent 
results obtained using RNase HII from Afu and the following 

25 amount of template DNA: lane 5: 10 pg; lane 6: 1 pg; lane 
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7: 100 fg; and lane 8: negative control. Lane M represents 
100 bp DNA ladder marker. 

[0681] As shown in Figure 38, it was demonstrated that 
the amplification fragment of interest could be detected 
5 using 100 fg of the template DNA and either RNase H. It 
was shown that more amplification product is obtained when 
RNase H from Afu is used. In addition, it was shown that 
more stable detection sensitivity is accomplished when 
RNase H from Afu is used. 

10 [0682] (3) Amplification using a combination of the 

primers K-F-1033(68) and K-F-1133(68) and a plasmid 
containing a region to be amplified as a template was 
examined. First, primers F26 ( SEQ ID NO: 252) and R1310 
(SEQ ID NO: 253) were synthesized in order to prepare a 

15 plasmid containing a region to be amplified. A PCR was 
carried out using these primers and BCG vaccine strain. 
The resulting amplification product was then introduced 
into pT7-Blue-T vector (Takara Shuzo) to prepare the 
plasmid. The composition of the reaction mixture was as 

2 0 described in (2) above except that 4 U of Bca DNA 
polymerase was used. As a result, it was confirmed that 
detection can be carried out using 1 fg of the template. 
[0683] (4) The detection sensitivity accomplished when a 

combination of primers MTIS2F and MTIS2R, which results in 

25 the formation of laddered amplified fragments containing 
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the three amplified fragments of interest, was used was 
compared with that accomplished when a combination of 
primers K-F-1033(68) and K-F-1133 ( 68 ) , which results in the 
three amplified fragments of interest, was used. 
Mycobacterium tuberculosis was selected as a target. 
Reactions were carried out as described in Example 46(2) 
when the combination of the primers MTIS2F and MTIS2R was 
used or in (2) above when the combination of the primers K- 
F-1033(68) and K-F-1133 (68) was used. As a result, the 
same detection sensitivity was observed in either case. 
[0684] Example 49 

The amplification method of the present invention 
that does not comprise denaturation of a genomic DNA as a 
template was examined. 

[0685] (1) Primers pDON-AI-68-1 (SEQ ID NO:254) and 

pDON-AI-68-2 (SEQ ID NO: 255) were synthesized in accordance 
with the nucleotide sequence of the packaging region in a 
plasmid pDON-AI (Takara Shuzo) . 

[0686] (2) A reaction mixture of a total volume of 50 jjl 

containing 1 jil of a solution containing 10 fg or 1 pg of 
pDON-AI, 1 pi of a solution containing 1 ng, 10 ng or 100 
ng of the genomic DNA derived from NIH/3T3 cells having 
pDON-AI being incorporated prepared in Example 3 6, or 1 yl 
of water as a negative control, 50 pmol each of the primers 
as described in (1) above, 0.5 mM each of dNTPs , 32 mM 
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HEPES-potassium hydroxide buffer (pH 7.8), 100 mM potassium 
acetate, 4 mM magnesium acetate, 0*01% BSA, 1% DMSO, 18.5 U 
of RNase HII from Pfu and 4 U of BcaBEST DNA polymerase was 
prepared. The reaction mixtures were placed in Thermal 
Cycler Personal and incubated at 64 °C for 1 hour. After 
reaction, 5 jjl each of the reaction mixtures was subjected 
to electrophoresis on 3% agarose gel to observe 
amplification products. The results are shown in Figure 39. 
In Figure 39, the lanes represent results for the following 
templates: lane M: 100 bp DNA ladder marker; lane 1: 
negative control; lane 2: 1 ng of genomic DNA having pDON- 
AI being incorporated; lane 3: 10 ng of genomic DNA having 
pDON-AI being incorporated; lane 4: 100 ng of genomic DNA 
having pDON-AI being incorporated; lane 5: 10 fg of pDNA-AI 
DNA; and lane 6: 1 pg of pDON-AI DNA. 

[0687] As shown in Figure 39, amplification of specific 
DNA fragments was observed for either pDON-AI or the 
genomic DNA having pDON-AI being incorporated. Thus, it 
was confirmed that a DNA fragment of interest can be 
amplified without denaturing the DNA as a template prior to 
the reaction even if a genomic DNA is used as a template. 
[0688] Example 50 

The fidelity (accuracy) of the present invention 
was compared with that of a PCR utilizing LA technology in 
which TaKaRa Ex Tag polymerase (Takara Shuzo) was used. 



First, a plasmid as a template was prepared as follows. 
[0689] Specifically, the regions each consisting of 300 
bp represented by SEQ ID NOS:256 to 259 were amplified by 
PCR from human proto-oncogene, Wnt-5a gene (GenBank 
accession no. L20861) , ribosomal protein S5 gene (GenBank 
accession no. XM_009371), human NADH gene (GenBank 
accession no. NM_000903) and human protocadherin 43 gene 
(GenBank accession no. AU077347) . In this case, the PCRs 
were carried out using specific primers each having a site 
for a restriction enzyme Sfil at the 5 T -terminus of the 
primer. After reaction, the amplified fragments were 
digested with a restriction enzyme Sfil (Takara Shuzo) . 
pUC19 (Takara Shuzo) was digested with restriction enzymes 
Afllll (NEB) and Ndel (Takara Shuzo) and subjected to 
agarose gel electrophoresis. A fragment of about 2 kbp was 
excised from the gel and recovered using EASYTRAP (Takara 
Shuzo) . A DNA having the sequence of SEQ ID NO: 260 and a 
DNA complementary thereto were synthesized using a DNA 
synthesizer. These DNAs were heat-denatured and then 
annealed each other to form a double-stranded DNA. This 
double-stranded DNA has cohesive ends for restriction 
enzymes Afllll and Ndel at its termini. The double- 
stranded synthetic DNA was inserted into the fragment 
obtained by digesting pUC19 with restriction enzymes Afllll 
and Ndel using DNA Ligation kit ver. 2 (Takara Shuzo) . The 
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resulting plasmid was designated as plC62. pIC62 has 
sequences to which primers ICAN2 (SEQ ID NO: 2 61) and I CAN 6 
(SEQ ID NO: 262) anneal as well as a site for a restriction 
enzyme Sfil. The plasmid pIC62 was digested with the 
restriction enzyme Sfil. The above-mentioned PCR- amplified 
fragment digested with the restriction enzyme Sfil was 
ligated with the plasmid using Ligation kit ver. 2 (Takara 
Shuzo) . The ligation mixture was used to transform 
Escherichia coli JM109 (Takara Shuzo) . The resulting 
transformants were cultured, plasmids having the about 300- 
bp DNAs being inserted were obtained, and the sequences of 
the inserted DNAs were determined. The plasmids were then 
used as templates in this Example. 

[0690] (2) I CAN amplification products were prepared as 

follows. Briefly, a solution of 10 jil containing 10 ng of 
one of the plasmids as a template, 50 pmol each of chimeric 
primers I CAN 2 (SEQ ID NO: 2 61) and I CAN 6 (SEQ ID NO: 2 62) and 
0.01% propylenediamine was prepared. The solution was 
denatured at 98 °C for 2 minutes and incubated at 60 °C for 1 
minute in Thermal Cycler Personal, and then transferred 
onto ice. Next, at final concentrations, 20 mM HEPES- 
potassium hydroxide buffer (pH 7.8), 100 mM potassium 
acetate, 1% DMSO, 0.01% BSA, 4 mM magnesium acetate, 500 yM 
each of dNTPs, 30 U of RNase H from E. coli and 5.5 U of 
BcaBEST DNA polymerase were added thereto and the final 



volume was made to 50 \il with sterile water. The reaction 
mixtures were placed in Thermal Cycler Personal which had 
been set at 60 °C and incubated for 60 minutes. After 
reaction, the reaction mixtures were subjected to 
electrophoresis on 2% SeaKem GTG agarose gel (Takara Shuzo) . 
After electrophoresis, bands for the amplification products 
of interest were recovered by excision from the agarose gel, 
recovery using SUPREC-10 (Takara Shuzo), treatment with 
phenol-chloroform and ethanol precipitation. 
[0691] (3) PCR amplification products were prepared as 

follows using TaKaRa Ex Taq DNA polymerase. Briefly, a 
reaction mixture was prepared using 10 ng of the above- 
mentioned plasmid as a template as well as 10 pmol each of 
DNA primers ICAN2 (SEQ ID NO: 263) and I CAN 6 (SEQ ID NO: 264) 
according to the instruction manual attached to TaKaRa Ex 
Taq DNA polymerase (Takara Shuzo) . The reaction mixture 
was placed in Thermal Cycler and subjected to a reaction of 
30 cycles, each cycle consisting of 94 °C for 30 seconds, 
55 °C for 30 seconds and 72 °C for 30 seconds. After 
reaction, the reaction mixture was subjected to agarose gel 
electrophoresis as described in (2) above. The 
amplification products of interest were recovered by 
excision from the agarose gel, recovery using Microcon-100 
(Takara Shuzo) , treatment with phenol-chloroform and 
ethanol precipitation. 



[0692] (4) The amplification products obtained in (2) 

and (3) above were subcloned as follows. Briefly, the ICAN 
amplification products and the PCR amplification products 
were introduced into a vector pT7 Blue (Takara Shuzo) using 
Perfectly Blunt Cloning kit (Takara Shuzo) according to the 
instruction manual. The ligation mixture was used to 
transform NovaBlue Singles Competent Cell (Takara Shuzo) . 
For each clone, 10 colonies were selected from the 
resulting transf ormants and cultured to obtain plasmids 
each having about 0.4-kb DNA being inserted. The fragments 
inserted in the plasmids were sequenced using T7 promoter 
primer (Takara Shuzo) and M3 primer (Takara Shuzo) . 
[0693] A total of about 16,000 bases were analyzed by 
sequencing as described above. As a result, one mutation 
was found in about 25,000 bases for both of the fragments 
amplified according to the method of the present invention 
and the fragments amplified by PCR using TaKaRa Ex Taq DNA 
polymerase. Thus, it was confirmed that the fidelity 
(accuracy) of the method of the present invention is 
equivalent to that of LA-PCR whose fidelity is high. 
[0694] Example 51 

(1) Preparation of template for I CAN reaction by 

PCR 

A double-stranded cDNA was prepared from polyA+ 
RNA derived from mouse brain (OriGene) using cDNA synthesis 
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kit (Takara Shuzo) . PCR fragments were amplified using the 
double-stranded cDNA as a template and combinations of the 
primers having nucleotide sequences of SEQ ID NOS: 2 65-278. 
The fragments were introduced into pT7 Blue T-vector 
5 (Takara Shuzo ) by TA cloning to obtain plasmid clones . A 
reaction mixture of total volume of 50 \il containing 1 ]il 
. (1 ng) of one the plasmid clones, 10 pmol each of primers 
MCS-F (SEQ ID NO:279) and MCS-R (SEQ ID NO:280), 1.25 U of 
Ex Taq (Takara Shuzo), 5 p.1 of 10 x Ex Taq buffer (Takara 

10 Shuzo) and 0.2 itiM each of dNTPs was subjected to the 
following reaction using TaKaRa PCR Thermal Cycler Personal 
(Takara Shuzo) : 94 °C for 2 minutes; 30 cycles of 94 °C for 
30 seconds, 55 °C for 30 seconds and 72 °C for 1 minute. The 
resulting amplified DNA fragment was used as a template for 

15 an ICAN reaction. 

[0695] (2) Amplification of DNA fragment by ICAN using 

PCR product as template 

An ICAN reaction was carried out using Aminoallyl 
dUTP (Sigma) in order to introduce an amino group into an 

20 ICAN amplification product. The ratio of amino group 
introduced into an ICAN amplification product was examined 
by changing the ratio of the amount of dTTP to the amount 
of Aminoallyl dUTP in the ICAN reaction as follows: 10 : 0, 
9 : 1, 8 : 2, 7 : 3 and 6:4. The reaction was carried 

25 out as follows. 



[0696] First, a solution of total volume of 10 y.1 

containing 1 \il of the PCR reaction mixture prepared in (1) 
above, 50 pmol each of primers MF2N3(24) (SEQ ID NO: 281) 
and MR1N3(24) (SEQ ID NO: 282) and 2 ]il of 0.05% aqueous 
solution of propylenediamine was heated at 98 °C for 2 
minutes followed by 65 °C for 30 seconds in TaKaRa PCR 
Thermal Cycler Personal and rapidly cooled on ice to anneal 
the primers to the template. A reaction mixture of total 
volume of 40 \il containing 0.625 mM each of dATP, dCTP and 
dGTP, 0.625 mM of a dTTP + Aminoallyl dUTP mixture, 32 mM 
HEPES-potass ium hydroxide buffer (pH 7.8), 5.0 mM magnesium 
acetate, 0.6 U of RNase H from E. coli (Takara Shuzo) and 
2.75 U of BcaBEST DNA polymerase was added to the heated 
solution. The resulting mixture was incubated in Thermal 
Cycler at 65°C for 1 hour. 

[0697] 50 jjl of isopropanol and 5 \il of 3 M sodium 
acetate solution (pH 5.2) were added to the reaction 
mixture of 50 }_il . The resulting mixture was cooled at - 
80 °C for 20 minutes and then centrifuged to remove a 
supernatant. 200 ]il of 70% ethanol solution was added 
thereto. The supernatant was removed by centrif ugation . 
The precipitate was air-dried. The resulting DNA was re- 
dissolve in water. OD 260/280 was measured to determined the 
amount of the product. 

[0698] (3) Confirmation of introduction of Aminoallyl 
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dUTP into ICAN amplification product 

Introduction of an amino group into an ICAN 
product was confirmed by fluorescence-label the amino group 
in the ICAN product using 5-carboxyf luorecein succinimidil 
5 ester (Molecular Probe) . The above-mentioned DNA solution 
was diluted to make the concentration to 2 ]jg/50 pi. 20 y.1 
of 1 M sodium carbonate buffer (pH 9.0) was added thereto. 
Then, 4 pi of a solution of FITC (Nacalai Tesque) in N,N- 
dimethylf ormamide at a concentration of 10 mM was further 

10 added. The resulting mixture was reacted at 20 °C for 16 
hours. After removing excess FITC using a commercially 
available spin column, 10 jjl of the reaction mixture was 
applied onto 2 . 0% agarose gel and electrophoresed. After 
electrophoresis, fluorescent dye was detected using FM-BIO. 

15 Furthermore, the ICAN- amplified fragment was detected by 
staining with EtBr. As a result, it was confirmed that an 
amino group can be introduced into an ICAN amplification 
product by conducting an ICAN using Aminoallyl dUTP. It 
was also confirmed that the detection sensitivity can be 

20 further increased by using a modified nucleotide having a 
functional group and fluorescent label for an amplification 
product in combination. 

[0699] (4) The amplification method of the present 

invention was examined using deoxyUTP. Mycobacterium 
25 tuberculosis was selected as a target. First, primers 
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MTIS2F-16 (SEQ ID NO:283) and MTIS2R-ACC (SEQ ID NO:284) 
were synthesized in accordance with the nucleotide sequence 
of Mycobacterium tuberculosis genome registered in GenBank 
under accession no. AL123456. The length of the region to 
be amplified using this primer pair including the primer 
portions is 98 bp. A template was prepared as follows. 
Briefly, a product obtained by PCR- amplifying the 
Mycobacterium tuberculosis genome using primers MTIS-PCR-F- 
2 (SEQ ID NO:285) and MTIS-PCR-R-2 (SEQ ID NO:286) was 
inserted into pT7 Blue T-Vector (Takara Shuzo) using DNA 
Ligation kit Ver. 2. The ligated plasmid was used to 
transform Escherichia coli JM109. The resulting 

transf ormants were cultured to obtain a plasmid having an 
about 400-bp DNA being introduced. A solution containing 
10 3 copies of the plasmid per pi was prepared based on the 
concentration determined by measuring OD2 60. 

[0700] At final concentrations, 32 mM HEPES-potassium 
hydroxide buffer (pH 7.8), 100 mM potassium acetate, 1% 
DMSO, 0.01% BSA, 4 mM magnesium acetate, 500 pM each of 
dATP, dCTP, dGTP and a dTTP/dUTP mixture (500/0, 400/100, 
300/200, 200/300, 100/400 or 0/500 yM) , 50 pmol each of the 
primers MTIS 2F-16 and MTIS 2R-AAC, 8.75 U of RNase H from 
Afu, 8 U of BcaBEST DNA polymerase and 1 pi of the template 

(10 3 copies) were mixed and the final volume was made to 50 
]il with sterile water. The reaction mixtures were placed 
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in Thermal Cycler Personal which had been set at 60 °C and 
incubated for 60 minutes. After reaction, 3 \il each of the 
reaction mixtures was subjected to electrophoresis on 3% 
agarose gel* 

5 [0701] As a result, the amplification product of 
interest was observed for each of the dTTP/dUTP ratios. 
Based on these results, it was confirmed that a modified 
nucleotide can be used as a substrate in the method of the 
present invention. 

10 [0702] Example 52 

Application of the method of the present 
invention to a one-step amplification method was examined. 
HCV was selected as a target. 
[0703] (1) Preparation of transcript RNA 

15 A transcript RNA as a template was prepared. At 

first, HCV RNA was prepared from 300 \il of a serum derived 
from a patient with hepatitis C virus agreed with the 
informed concent using TRIzol reagent (Life Technologies) 
according to the instructions attached to the reagent and 

20 finally dissolved in 20 yal of injectable water (Otsuka 
Pharmaceutical) to obtain an RNA sample. An RT-PCR was 
carried out using the RNA sample above as a template. The 
reaction was carried out as follows. A reaction mixture of 
50 ijI was prepared using 2 \il of the RNA sample and 20 pmol 

25 each of primers SP6-HCV-F (SEQ ID NO: 287} and T7-HCV-R (SEQ 
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ID NO: 288) according to a manual attached to One-Step RNA 
PCR kit (Takara Shuzo) . The reaction mixture was placed in 
Thermal Cycler Personal and subjected to the following 
reaction: 50 °C for 15 minutes; 94 °C for 2 minutes; and 40 
5 cycles of 94 °C for 30 seconds, 60 'C for 30 seconds and 72 °C 
for 30 seconds. After reaction, the reaction mixture was 
subjected to electrophoresis on 2% SeaPlaque GTG agarose 
gel. A 350-bp amplification product of interest was 
excised from the gel. The DNA was then recovered using 

10 EASY TRAP Ver . 2 according to the instructions attached to 
the kit. A transcript RNA was synthesized using the 
recovered DNA as a template and Competitive RNA 
Transcription kit (Takara Shuzo) according to the 
instructions attached to the kit. The transcript RNA was 

15 used as a template for examination of a one-step RT-ICAN. 
[0704] (2) Examination of one-step RT-ICAN 

The concentration of the transcript RNA prepared 
in (1) above was determined based on the OD 260 value and 
dilutions containing 10 4 , 10 5 , 10 6 or 10 7 copies per pi were 

20 prepared. A reaction mixture of 50 p.1 was prepared by 
adding thereto, at final concentrations, 32 mM HEPES- 
potassium hydroxide buffer (pH 7.8), 100 mM potassium 
acetate, 1% DMSO, 0.01% BSA, 4 mM magnesium acetate, 500 yM 
each of dNTPs, 50 pmol each of the primers HCV-A S (SEQ ID 

25 NO:289) and HCV-A A (SEQ ID NO:290), 30 U of RNase H from 
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Pfu, 8 U of BcaBEST DNA polymerase, 20 U of RNase inhibitor, 
0, 1, 2.5, 3 or 5 U of AMV RTase XL (Takara Shuzo) and 1 \xl 
of one of the dilutions containing varying copies of the 
transcript RNA. The reaction mixtures were placed in 
5 Thermal Cycler Personal which had been set at 60 °C and 
incubated for 60 minutes. After reaction, 2 \il each of the 
reaction mixtures was subjected to electrophoresis on 3% 
agarose gel* 

[0705] As a result, no amplification product of interest 
10 was observed using each of the dilutions of the template 
when AMV RTase was not added. On the other hand, the 
amplification product of interest was observed using the 
dilution containing 10 7 copies (1 U of AMV RTase XL added) , 
10 6 copies (2.5 U of AMV RTase XL added), 10 6 copies (3 U 
15 of AMV RTase XL added) or 10 6 copies (5 U of AMV RTase XL 
added) . When the reaction was carried out at a temperature 
of 57 °C, the amplification product of interest was observed 
using the dilution containing 10 5 copies and 2.5 U of AMV 
RTase XL. Furthermore, when 1 U of BcaBEST DNA polymenrase 
20 and 10 U of RNase H from Pfu were used, the amplification 
product of interest was observed using the dilution 
containing 10 6 copies even if no AMV RTase was added. 
Sequence Listing Free Text 

[0706] SEQ ID No: 1: Synthetic DNA corresponding to a 
25 portion of human transferrin receptor-encoding sequence 
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used as a template 

SEQ ID NO : 2 : Designed oligonucleotide primer to 
amplify a portion of human transferrin receptor-encoding 
sequence 

5 SEQ ID NO: 3 : Designed oligonucleotide primer to 

amplify a portion of human transferrin receptor-encoding 
sequence 

SEQ ID No : 4 : Designed chimeric oligonucleotide 
primer to amplify a portion of human transferrin receptor- 
10 encoding sequence* ^nucleotide 21 is ribonucleotide-other 
nucleotides are deoxyribonucleo tides'' 

SEQ ID No : 5 : Designed chimeric oligonucleotide 
primer to amplify a portion of human transferrin receptor- 
encoding sequence, "nucleotide 21 is ribonucleotide-other 
15 nucleotides are deoxyribonucleotides" 

SEQ ID No : 6 : Designed chimeric oligonucleotide 
primer to amplify a portion of human transferrin receptor- 
encoding sequence. * nucleotide 22 is ribonucleotide-other 
nucleotides are deoxyribonucleo tides'' 
20 SEQ ID No : 7 : Designed chimeric oligonucleotide 

primer to amplify a portion of human transferrin receptor- 
encoding sequence, "nucleotide 22 is ribonucleotide-other 
nucleotides are deoxyribonucleo tides" 

SEQ ID No : 8 : Designed chimeric oligonucleotide 
25 primer to amplify a portion of human transferrin receptor- 
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encoding sequence. ^nucleotides 21 to 22 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID No : 9 : Designed chimeric oligonucleotide 
primer to amplify a portion of human transferrin receptor- 
5 encoding sequence. ^nucleotides 21 to 22 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID No : 10 : Designed chimeric oligonucleotide 
primer to amplify a portion of human transferrin receptor- 
encoding sequence. ^nucleotides 19 to 20 are 
10 ribonucleotides-other nucleotides are deoxyribonucleotides" 

SEQ ID No: 11: Designed chimeric oligonucleotide 
primer to amplify a portion of human transferrin receptor- 
encoding sequence. * nucleotides 19 to 20 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
15 SEQ ID No : 12 : Designed oligonucleotide used as a 

probe for detecting an amplified portion of human 
transferrin receptor- encoding sequence 

SEQ ID No: 13: Designed chimeric oligonucleotide 
primer designated as pUC19 upper(2)NN to amplify a portion 
20 of plasmid pUC19. * nucleotides 24 to 25 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID No: 14: Designed chimeric oligonucleotide 
primer designated as pUC19 lower NN to amplify a portion of 
plasmid pUC19. ^nucleotides 24 to 25 are ribonucleotides- 
25 other nucleotides are deoxyribonucleotides" 
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SEQ ID No : 15 : Designed chimeric oligonucleotide 
primer to amplify a portion of plasmid pUC19. ^nucleotides 
24 to 25 are ribonucleotides-other nucleotides are 
deoxyribonucleo tides" 
5 SEQ ID No : 1 6 : Designed chimeric oligonucleotide 

primer designated as pUC19 lower 542 to amplify a portion 
of plasmid pUC19. "nucleotides 24 to 25 are 
ribonucleotides-other nucleotides are deoxyribonucleo tides" 

SEQ ID No : 17 : Designed chimeric oligonucleotide 
10 primer to amplify a portion of plasmid pUC19. ^nucleotides 
24 to 25 are ribonucleotides-other nucleotides are 
deoxyribonucleo tides" 

SEQ ID No : 1 8 : Designed oligonucleotide primer 
designated as pUC19 upper 150 to amplify a portion of 
15 plasmid pUC19. ^nucleotides 23 to 25 are ribonucleotides- 
other nucleotides are deoxyribonucleotides" 

SEQ ID No : 19 : Designed chimeric oligonucleotide 
primer designated as pUC19 lower NN to amplify a portion of 
plasmid pUC19. ^nucleotides 23 to 25 are ribonucleotides- 
20 other nucleotides are deoxyribonucleotides" 

SEQ ID No : 20 : Designed chimeric oligonucleotide 
primer designated as pUCl 9 upper 24 9 to amplify a portion 
of plasmid pUC19. 'nucleotides 23 to 25 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
25 SEQ ID No: 21: Designed chimeric oligonucleotide 
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primer to amplify a portion of human transferrin receptor- 
encoding sequence. ^nucleotides 20 to 22 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID No : 22 : Designed chimeric oligonucleotide 
5 primer to amplify a portion of human transferrin receptor- 
encoding sequence. ^nucleotides 21 to 22 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID No : 23 : Designed chimeric oligonucleotide 
primer designated as pUC19 upper(2)NN to amplify a portion 
10 of plasmid pUC19. ^nucleotides 24 to 25 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID No: 24: Designed chimeric oligonucleotide 
primer designated as pUC19 upper (2) NN to amplify a portion 
of plasmid pUC19 . ^nucleotides 24 to 25 are 
15 ribonucleotides-other nucleotides are deoxyribonucleotides" 

SEQ ID No : 25 : Designed chimeric oligonucleotide 
primer designated as pUC19 upper (2) NN to amplify a portion 
of plasmid pUC19. * nucleotides 24 to 25 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
20 SEQ ID No : 26 : Designed chimeric oligonucleotide 

primer designated as pUC19 upper(2)NN to amplify a portion 
of plasmid pUC19. ^nucleotides 24 to 25 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID No : 27 : Designed chimeric oligonucleotide 
25 primer to amplify a portion of human transferrin receptor- 
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encoding sequence. ^nucleotides 21 to 22 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID No : 28 : Designed chimeric oligonucleotide 
primer to amplify a portion of human transferrin receptor- 
5 encoding sequence* ^nucleotides 21 to 22 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID No : 29 : Designed chimeric oligonucleotide 
primer designated as MF2N3(24) to amplify a portion of 
plasmid pUC19-249 or plasmid pUC19-911. ^nucleotides 22 to 
10 24 are ribonucleotides-other nucleotides are 

deoxyribonucleotides" 

SEQ ID No : 30 : Designed oligonucleotide primer 
designated as MR1N3(24) to amplify a portion of plasmid 
pUC19-249 or plasmid pUC19-911. ^nucleotides 22 to 24 are 
15 ribonucleotides-other nucleotides are deoxyribonucleotides" 

SEQ ID No : 31 : Designed chimeric oligonucleotide 
primer designated as pUC19 upper 249 to amplify a portion 
of plasmid pUC19. ^nucleotides 24 to 25 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
20 SEQ ID No : 32 : Designed oligonucleotide primer 

designated as pUC19 upper 150 to amplify a portion of 
plasmid pUC19 

SEQ ID No : 33 : Designed oligonucleotide primer 
designated as pUC19 upper 249 to amplify a portion of 
25 plasmid pUC19 
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SEQ ID No : 34 : Designed oligonucleotide primer 
designated as pUC19 lower NN to amplify a portion of 
plasmid pUC19 

SEQ ID No : 35 : Designed chimeric oligonucleotide 
5 primer to amplify a portion of plasmid pUC19* "nucleotides 
28 to 30 are ribonucleotides-other nucleotides are 
deoxyribonucleo tides'' 

SEQ ID No : 36 : Designed chimeric oligonucleotide 
primer designated as MR1N3 to amplify a portion of plasmid 
10 pUC19. "nucleotides 28 to 30 are ribonucleotides-other 
nucleotides are deoxyribonucleotides" 

SEQ ID No : 37 : Designed oligonucleotide primer to 
amplify a portion of plasmid pUC19 

SEQ ID No : 38 : Designed oligonucleotide primer 
15 designated as MR1N3 to amplify a portion of plasmid pUC19 

SEQ ID No : 39 : Synthetic RNA used as a probe for 
detecting an amplified portion of plasmid pUC19 

SEQ ID No : 40 : Designed chimeric oligonucleotide 
primer designated as pUC19 upper 150 to amplify a portion 
20 of plasmid pUC19. ^nucleotides 24 to 25 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 

SEQ ID No : 41 : Designed chimeric oligonucleotide 
primer designated as MR1N3 to amplify a portion of plasmid 
pUC19. "nucleotides 28 to 30 are ribonucleotides-other 
25 nucleotides are deoxyribonucleotides" 
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SEQ ID No : 42 : Designed oligonucleotide primer 
designated as M13M4 

SEQ ID No : 43 : Designed chimeric oligonucleotide 
primer to amplify a portion of vero toxin 1-encoding 
5 . sequence from hemorrhagic Escherichia coli 0-157. 
* nucleotides 16 to 18 are ribonucleotides-other nucleotides 
are deoxyribonucleo tides" 

SEQ ID No : 44 : Designed chimeric oligonucleotide 
primer to amplify a portion of vero toxin 1-encoding 
10 sequence from hemorrhagic Escherichia coli 0-157. 

^nucleotides 15 to 17 are ribonucleotides-other nucleotides 
are deoxyribonucleo tides" 

SEQ ID No : 45 : Designed chimeric oligonucleotide 
primer to amplify a portion of vero toxin 2-encoding 
15 sequence from hemorrhagic Escherichia coli 0-157. 

"nucleotides 16 to 18 are ribonucleotides-other nucleotides 
are deoxyribonucleo tides" 

SEQ ID No : 4 6 : Designed chimeric oligonucleotide 
primer to amplify a portion of vero toxin 2-encoding 
20 sequence from hemorrhagic Escherichia coli 0-157. 

"nucleotides 16 to 18 are ribonucleotides-other nucleotides 
are deoxyribonucleo tides" 

SEQ ID No : 47 : Designed oligonucleotide primer 
designated as MCR-F to amplify a long DNA fragment 
25 SEQ ID No : 48 : Designed oligonucleotide primer 
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designated as MCR-R to amplify a long DNA fragment 

SEQ ID No : 49 : Designed chimeric oligonucleotide 
primer designated as MF2N3(24) to amplify a long DNA 
fragment, ^nucleotides 22 to 24 are ribonucleotides-other 
5 nucleotides are deoxyribonucleotides" 

SEQ ID No : 50 : Designed chimeric oligonucleotide 
primer designated as MR1N3(24) to amplify a long DNA 
fragment, ^nucleotides 22 to 24 are ribonucleotides-other 
nucleotides are deoxyribonucleo tides" 
10 SEQ ID No : 51 : Designed oligonucleotide primer to 

amplify a portion of bacteriophage lambda DNA 

SEQ ID No : 52 : Designed oligonucleotide primer to 
amplify a portion of bacteriophage lambda DNA 

SEQ ID No : 53 : Designed chimeric oligonucleotide 
15 primer to amplify a portion of bacteriophage lambda DNA. 

f 

^'nucleotides 16 to 17 are ribonucleotides-other nucleotides 
are deoxyribonucleo tides" 

SEQ ID No : 54 : Designed chimeric oligonucleotide 
primer to amplify a portion of bacteriophage lambda DNA. 
20 ^nucleotides 16 to 17 are ribonucleotides-other nucleotides 
are deoxyribonucleotides" 

SEQ ID No : 55 : Designed oligonucleotide primer to 
amplify a portion of bacteriophage lambda DNA 

SEQ ID No : 56 : Designed oligonucleotide primer to 
25 amplify a portion of bacteriophage lambda DNA 
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SEQ ID No : 57 : Designed oligonucleotide primer to 
amplify a portion of bacteriophage lambda DNA 

SEQ ID No : 58 : Designed oligonucleotide primer 
designated as Rl-Sl to amplify a portion of bacteriophage 
5 lambda DNA 

SEQ ID No : 59 : Designed oligonucleotide primer 
designated as R1-A3 to amplify a portion of bacteriophage 
lambda DNA 

SEQ ID No : 60 : Designed oligonucleotide primer 
10 designated as R2-S1 to amplify a portion of bacteriophage 
lambda DNA 

SEQ ID No : 61 : Designed oligonucleotide primer 
designated as R2-A3 to amplify a portion of bacteriophage 
lambda DNA 

15 SEQ ID No : 62 : Designed oligonucleotide primer 

designated as R3-S1 to amplify a portion of bacteriophage 
lambda DNA 

SEQ ID No : 63 : Designed oligonucleotide primer 
designated as R3-A3 to amplify a portion of bacteriophage 
2 0 lambda DNA 

SEQ ID No : 64 : Designed chimeric oligonucleotide 
primer designated as M13RV-2N 17mer. ^nucleotides 16 to 17 
are ribonucleotides-other nucleotides are 

deoxyribonucleo tides" 
25 SEQ ID No : 65 : Designed chimeric oligonucleotide 
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primer designated as M13RV-2N 20mer. ^nucleotides 19 to 20 
are ribonucleotides-other nucleotides are 

deoxyribonucleo tides" 









SEQ ID 


No : 66 : Designed oligonucleotide 


primer 


to 


5 


amplify 


a 


portion of CDC2-related protein kinase PISSLRE 




gene 


















SEQ ID 


No : 67 : Designed oligonucleotide 


primer 


to 




amplify 


a 


portion of CDC2-related protein kinase PISSLRE 




gene 












10 






SEQ ID 


No : 68 : Designed oligonucleotide 


primer 


to 




amplify 


a 


portion 


of Type II cytoskeltal 11 keratin gene 










SEQ ID 


No : 69 : Designed oligonucleotide 


primer 


to 




amplify 


a 


portion 


of Type II cytoskeltal 11 keratin gene 










SEQ ID 


No : 70 : Designed oligonucleotide 


primer 


to 


15 


amplify 


a 


portion 


of bacteriophage lambda DNA 












SEQ ID 


No : 71 : Designed oligonucleotide 


primer 


to 




amplify 


a 


portion 


of bacteriophage lambda DNA 












SEQ ID 


No : 72 : Designed oligonucleotide 


primer 


to 




amplify 


a 


portion 


of bacteriophage lambda DNA 






20 






SEQ ID 


No : 73 : Designed oligonucleotide 


primer 


to 




amplify 


a 


portion 


of bacteriophage lambda DNA 












SEQ ID 


No : 74 : Designed oligonucleotide primer 



designated as MF2N3(24) to amplify a portion of plasmid 
pUC19-249 or plasmid pUC19-911 
25 SEQ ID No : 75 : Designed oligonucleotide primer 
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designated as MR1N3(24) to amplify a portion of plasmid 
pUC19-249 or plasmid pUC19-911 

SEQ ID No : 76 : Designed chimeric oligonucleotide 
primer designated as M13M4-3N 20mer. 'nucleotides 18 to 20 
5 are ribonucleotides-other nucleotides are 

deoxyribonucleo tides'' 

SEQ ID No : 77 : Designed chimeric oligonucleotide 
primer designated as M13RV-3N 20mer. "nucleotides 18 to 20 
are ribonucleotides-other nucleotides are 

10 deoxyribonucleotides" 

SEQ ID No : 78 : Designed chimeric oligonucleotide 
primer designated as M13M4-3N 24mer. "nucleotides 22 to 24 
are ribonucleotides-other nucleotides are 

deoxyribonucleo tides" 
15 SEQ ID No : 79 : Designed oligonucleotide primer 

designated as M13RV-3N 24mer. "nucleotides 22 to 24 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID No: 80: Designed oligonucleotide primer 
designated as 5' ID to amplify a portion of cyclin A DNA 
20 SEQ ID No : 81 : Designed oligonucleotide primer 

designated as 3 f ID to amplify a portion of cyclin A DNA 

SEQ ID No : 82 : Designed oligonucleotide primer 
designated as M13RV-2N 16mer. "nucleotides 15 to 16 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
25 SEQ ID No : 83 : Designed chimeric oligonucleotide 
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primer to amplify a portion of human transferrin receptor- 
encoding sequence, 'nucleotides 21 to 22 are 
ribonucleotides -other nucleotides are deoxyribonucleo tides" 
SEQ ID No : 84 : Designed chimeric oligonucleotide 
5 primer to amplify a portion of human transferrin receptor- 
encoding sequence. 'nucleotides 21 to 22 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID No : 85 : Designed chimeric oligonucleotide 
primer to amplify a portion of human transferrin receptor- 
10 encoding sequence, 'nucleotides 21 to 22 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID No : 8 6 : Designed chimeric oligonucleotide 
primer to amplify a portion of human transferrin receptor- 
encoding sequence. 'nucleotides 21 to 22 are 
15 ribonucleotides-other nucleotides are deoxyribonucleotides" 

SEQ ID No : 87 : Designed chimeric oligonucleotide 
primer to amplify a portion of human transferrin receptor- 
encoding sequence. 'nucleotides 21 to 22 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
20 SEQ ID No : 88 : Designed chimeric oligonucleotide 

primer to amplify a portion of human transferrin receptor- 
encoding sequence. 'nucleotides 21 to 22 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID No : 8 9 : Designed chimeric oligonucleotide 
25 primer to amplify a portion of human transferrin receptor- 
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encoding sequence. * nucleotides 21 to 22 are 
ribonucleot ides-other nucleotides are deoxyribonucleo tides" 
SEQ ID No : 90 : Designed chimeric oligonucleotide 
primer to amplify a portion of human transferrin receptor- 
5 encoding sequence. ^nucleotides 21 to 22 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID No : 91 : Designed chimeric oligonucleotide 
primer to amplify a portion of human transferrin receptor- 
encoding sequence. ^nucleotides 21 to 22 are 

10 ribonucleotides-other nucleotides are deoxyribonucleotides" 

SEQ ID No : 92 : Designed chimeric oligonucleotide 
primer to amplify a portion of human transferrin receptor- 
encoding sequence. 'nucleotides 21 to 22 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 

15 SEQ ID No: 93: Designed chimeric oligonucleotide 

primer to amplify a portion of human transferrin receptor- 
encoding sequence. 'nucleotides 21 to 22 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
S EQ ID No : 94 : Designed chimeric oligonucleotide 

20 primer to amplify a portion of human transferrin receptor- 
encoding sequence. 'nucleotides 21 to 22 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID No : 95 : Designed oligonucleotide primer to 
amplify a portion of human transferrin receptor-encoding 

25 sequence 
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SEQ ID No : 96 : Designed oligonucleotide primer to 
amplify a portion of human transferrin receptor-encoding 
sequence 

SEQ ID NO:97:PCR primer BsuII-3 for cloning a 
5 gene encoding a polypeptide having a RNaseHII activity from 
Bacillus caldotenax . 

SEQ ID NO:98:PCR primer BsuII-6 for cloning a 
gene encoding a polypeptide having a RNaseHII activity from 
Bacillus caldotenax. 
10 SEQ ID NO:99:PCR primer RNII-S1 for cloning a 

gene encoding a polypeptide having a RNaseHII activity from 
Bacillus caldotenax, 

SEQ ID NO:100:PCR primer RNII-S2 for cloning a 
gene encoding a polypeptide having a RNaseHII activity from 
15 Bacillus caldotenax, 

SEQ ID NO:101:PCR primer RNII-S5 for cloning a 
gene encoding a polypeptide having a RNaseHII activity from 
Bacillus caldotenax * 

SEQ ID NO:102:PCR primer RNII-S6 for cloning a 
20 gene encoding a polypeptide having a RNaseHII activity from 
Bacillus caldotenax . 

SEQ ID NO:103:PCR primer RNII-Nde for cloning a 
gene encoding a polypeptide having a RNaseHII activity from 
Bacillus caldotenax . 
25 SEQ ID NO: 104 Nucleotide sequence of ORF in 
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RNaseHII gene from Bucillus caldotenax. 

SEQ ID NO: 105 : Amino acid sequence of RNaseHII 
from Bucillus caldotenax. 

SEQ ID NO:106:PCR primer BsuIII-1 for cloning a 
5 gene encoding a polypeptide having a RNaseHIII activity 
from Bacillus caldotenax. 

SEQ ID NO:107:PCR primer BsuIII-3 for cloning a 
gene encoding a polypeptide having a RNaseHIII activity 
from Bacillus caldotenax. 
10 SEQ ID NO:108:PCR primer BsuIII-6 for cloning a 

gene encoding a polypeptide having a RNaseHIII activity 
from Bacillus caldotenax. 

SEQ ID NO:109:PCR primer BsuIII-8 for cloning a 
gene encoding a polypeptide having a RNaseHIII activity 
15 from Bacillus caldotenax. 

SEQ ID NO:110:PCR primer RNIII-S3 for cloning a 
gene encoding a polypeptide having a RNaseHIII activity 
from Bacillus caldotenax. 

SEQ ID NO:lll:PCR primer BcaRNIII-3 for cloning a 
20 gene encoding a polypeptide having a RNaseHIII activity 
from Bacillus caldotenax. 

SEQ ID NO: 112 :Nucleotide sequence of ORF in 
RNaseHIII from Bacillus caldotenax. 

SEQ ID N0:113:Amino acid sequence of RNaseHIII 
25 from Bacillus caldotenax. 




357 

SEQ ID N0:114:PCR primer BcaRNIIINde for 
amplifying a gene encoding a polypeptide having a RNaseHIII 
activity from Bacillus caldotenax. 

SEQ ID NO : 115 : Nucleotide sequence conserving 
5 between PHI 650 and a portion of Pyrococcus furiosus genome 
sequence . 

SEQ ID NO:116:PCR primer 1650Nde for cloning a 
gene encoding a polypeptide having a RNaseHII activity from 
Pyrococcus furiosus . 
10 SEQ ID NO:117:PCR primer 1650Bam for cloning a 

gene encoding a polypeptide having a RNaseHII activity from 
Pyrococcus furiosus . 

SEQ ID NO: 118 : Nucleotide sequence of ORF in 
RNaseHII from Pyrococcus furiosus. 
15 SEQ ID NO: 119: Amino acid sequence of RNaseHII 

from Pyrococcus furiosus* 

SEQ ID NO:120:PCR primer 915-F1 for cloning a 
gene encoding a polypeptide having a RNaseHII activity from 
Thermotoga maritima* 
20 SEQ ID NO:121:PCR primer 915-F2 for cloning a 

gene encoding a polypeptide having a RNaseHII activity from 
Thermotoga maritima. 

SEQ ID NO:122:PCR primer 915-R1 for cloning a 
gene encoding a polypeptide having a RNaseHII activity from 
25 Thermotoga maritima. 
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SEQ ID NO:123:PCR primer 915-R2 for cloning a 
gene encoding a polypeptide having a RNaseHI I activity from 
Thermotoga maritima. 

SEQ ID NO: 124 : Designed oligonucleotide primer 
designated as MCR-F to amplify a long DNA fragment 

SEQ ID NO: 125 : Designed oligonucleotide primer 
designated as MCR-R to amplify a long DNA fragment 

SEQ ID NO: 126: Designed chimeric oligonucleotide 
primer designated as MF2N3(24) to amplify a long DNA 
fragment, "nucleotides 22 to 24 are ribonucleotides-other 
nucleotides are deoxyribonucleo tides" 

SEQ ID NO: 127 : Designed chimeric oligonucleotide 
primer designated as MR1N3(24) to amplify a long DNA 
fragment, "nucleotides 22 to 24 are ribonucleotides-other 
nucleotides are deoxyribonucleo tides" 

SEQ ID NO: 128 : Designed oligonucleotide primer to 
amplify a portion of lambda DNA. "nucleotides 18 to 20 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 

SEQ ID NO: 129: Designed chimeric oligonucleotide 
primer to amplify a portion of lambda DNA. "nucleotides 18 
to 20 are ribonucleotides-other nucleotides are 
deoxyribonucleotides" 

SEQ ID NO: 130 : Designed oligonucleotide primer to 
amplify a portion of lambda DNA 

SEQ ID NO: 131 :Designed oligonucleotide primer to 
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amplify a portion of lambda DNA 

SEQ ID NO: 132 : Designed chimeric oligonucleotide 
primer to amplify a portion of Flavobacterium species DNA. 
^nucleotides 18 to 20 are ribonucleotides-other nucleotides 
5 are deoxyribonucleotides" 

SEQ ID NO : 133 : esigned chimeric oligonucleotide 
primer to amplify a portion of Flavobacterium species DNA. 
""nucleotides 18 to 20 are ribonucleotides-other nucleotides 
are deoxyribonucleotides" 
10 SEQ ID NO : 134 : Designed oligonucleotide primer to 

amplify a portion of Flavobacterium species DNA. 

SEQ ID NO : 135 : Designed oligonucleotide primer to 
amplify a portion of Flavobacterium species DNA. 

SEQ ID NO : 136 : esigned chimeric oligonucleotide 
15 primer to amplify a portion of vero toxin 2-encoding 
sequence from hemorrhagic Escherichia coli 0-157. 
^nucleotides 19 to 21 are ribonucleotides-other nucleotides 
are deoxyribonucleotides" 

SEQ ID NO : 137 : Designed chimeric oligonucleotide 
20 primer to amplify a portion of vero toxin 2-encoding 
sequence from hemorrhagic Escherichia coli 0-157. 
^nucleotides 18 to 20 are ribonucleotides-other nucleotides 
are deoxyribonucleotides" 

SEQ ID NO: 138 :Designed oligonucleotide primer to 
25 amplify a portion of vero toxin 2-encoding sequence from 
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hemorrhagic Escherichia coli 0-157. 

SEQ ID NO : 139 : Designed oligonucleotide primer to 

amplify a portion of vero toxin 2-encoding sequence from 

hemorrhagic Escherichia coli 0-157. 
5 SEQ ID NO : 140 : Designed chimeric oligonucleotide 

primer to amplify a portion of vero toxin 2-encoding 

sequence from hemorrhagic Escherichia coli 0-157. 

^nucleotides 18 to 20 are ribonucleotides-other nucleotides 

are deoxyribonucleo tides" 
10 SEQ ID NO: 141 : Designed chimeric oligonucleotide 

primer to amplify a portion of vero toxin 2-encoding 

sequence from hemorrhagic Escherichia coli 0-157. 

'nucleotides 18 to 20 are ribonucleotides-other nucleotides 

are deoxyribonucleo tides" 
15 SEQ ID NO: 142 : Designed chimeric oligonucleotide 

primer to amplify a portion of vero toxin 2-encoding 

sequence from hemorrhagic Escherichia coli 0-157. 

^nucleotides 18 to 20 are ribonucleotides-other nucleotides 

are deoxyribonucleo tides" 
20 SEQ ID NO: 143 : Designed oligonucleotide primer to 

amplify a portion of vero toxin 2-encoding sequence from 

hemorrhagic Escherichia coli 0-157. 

SEQ ID NO : 144 : Designed oligonucleotide primer to 

amplify a portion of vero toxin 2-encoding sequence from 
25 hemorrhagic Escherichia coli 0-157. 
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SEQ ID NO: 145 : Designed chimeric oligonucleotide 
primer to amplify a portion of lambda DNA. "nucleotides 18 
to 20 are ribonucleotides-other nucleotides are 
deoxyribonucleo tides" 
5 SEQ ID NO : 14 6 : Designed oligonucleotide primer to 

amplify a portion of viroid CSVd. 

SEQ ID NO: 147 :Designed oligonucleotide primer to 
amplify a portion of viroid CSVd. 

SEQ ID NO: 148 : Designed chimeric oligonucleotide 
10 primer to amplify a portion of viroid CSVd* "nucleotides 16 
to 18 are ribonucleotides-other nucleotides are 
deoxyribonucleo tides" 

SEQ ID NO: 149 : Designed chimeric oligonucleotide 
primer to amplify a portion of viroid CSVd. "nucleotides 18 
15 to 20 are ribonucleotides-other nucleotides are 
deoxyribonucleo tides" 

SEQ ID NO: 150 : Designed chimeric oligonucleotide 
primer to amplify a portion of Flavobacterium species DNA. 
"nucleotides 18 to 20 are ribonucleotides-other nucleotides 
20 are deoxyribonucleotides" 

SEQ ID NO: 151 : Designed chimeric oligonucleotide 
primer to amplify a portion of Flavobacterium species DNA. 
"nucleotides 18 to 20 are ribonucleotides-other nucleotides 
are deoxyribonucleotides" 
25 SEQ ID NO: 152 : Designed chimeric oligonucleotide 
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primer to amplify a portion of Flavobacterium species DNA. 
^nucleotides 18 to 20 are ribonucleotides-other nucleotides 
are deoxyribonucleo tides" 

SEQ ID NO: 153 : Designed chimeric oligonucleotide 
5 primer to amplify a portion of vero toxin 2-encoding 
sequence from hemorrhagic Escherichia coli 0-157. 
"nucleotides 19 to 21 are ribonucleotides-nucloetide 18 is 
inosine-other nucleotides are deoxyribonucleotides" 

SEQ ID NO: 154 : Designed chimeric oligonucleotide 
10 primer to amplify a portion of vero toxin 2-encoding 
sequence from hemorrhagic Escherichia coli 0-157. 
"nucleotides 19 to 21 are ribonucleotides-nucleotide 17 is 
inosine other nucleotides are deoxyribonucleotides" 

SEQ ID NO: 155 : Designed chimeric oligonucleotide 
15 primer to amplify a portion of vero toxin 2-encoding 
sequence from hemorrhagic Escherichia coli 0-157. 
"nucleotides 19 to 21 are ribonucleotides-nucleotide 16 is 
inosine-other nucleotides are deoxyribonucleotides" 

SEQ ID NO : 156 : Designed chimeric oligonucleotide 
20 primer to amplify a portion of vero toxin 2-encoding 
sequence from hemorrhagic Escherichia coli 0-157. 
"nucleotides 18 to 20 are ribonucleotides-nucleotide 17 is 
inosine-other nucleotides are deoxyribonucleotides" 

SEQ ID NO: 157 : Designed chimeric oligonucleotide 
25 primer to amplify a portion of vero toxin 2-encoding 
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sequence from hemorrhagic Escherichia coli 0-157. 
* nucleotides 18 to 20 are ribonucleotides-nucleotide 16 is 
inosine-other nucleotides are deoxyribonucleotides" 

SEQ ID NO: 158 : Designed chimeric oligonucleotide 
5 primer to amplify a portion of vero toxin 2-encoding 
sequence from hemorrhagic Escherichia coli 0-157. 
"nucleotides 18 to 20 are ribonucleotides-nucleotide 15 is 
inosine-other nucleotides are deoxyribonucleotides" 

SEQ ID NO : 159 : Designed chimeric oligonucleotide 
10 primer to amplify a portion of vero toxin 2-encoding 
sequence from hemorrhagic Escherichia coli 0-157. 
"'nucleotides 9 to 11 and 19 to 21 are ribonucleotides-other 
nucleotides are deoxyribonucleotides" 

SEQ ID NO : 1 60 : Designed chimeric oligonucleotide 
15 primer to amplify a portion of vero toxin 2-encoding 
sequence from hemorrhagic Escherichia coli 0-157. 
"nucleotides 8 to 10 and 18 to 20 are ribonucleotides-other 
nucleotides are deoxyribonucleotides" 

SEQ ID NO: 161 : Designed chimeric oligonucleotide 
20 primer to amplify a portion of vero toxin 2-encoding 
sequence from hemorrhagic Escherichia coli 0-157. 
"nucleotides 18 to 20 are ribonucleotides-other nucleotides 
are deoxyribonucleotides" 

SEQ ID NO: 162 : Designed oligonucleotide probe to 
25 detect a DNA fragment amplifing a portion of vero toxin 2- 
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encoding sequence from hemorrhagic Escherichia coli 0-157. 

SEQ ID NO: 163 : Designed chimeric oligonucleotide 
primer to amplify a portion of iNOS-encoding sequence from 
mouse. ^nucleotides 18 to 20 are ribonucleotides-other 
5 nucleotides are deoxyribonucleotides" 

SEQ ID NO: 164 : Designed chimeric oligonucleotide 
primer to amplify a portion of iNOS-encoding sequence from 
mouse. ^nucleotides 17 to 19 are ribonucleotides-other 
nucleotides are deoxyribonucleotides'' 
10 SEQ ID NO: 165 : Designed oligonucleotide primer to 

amplify a portion of iNOS-encoding sequence from mouse. 

SEQ ID NO: 166 : Designed oligonucleotide primer to 
amplify a portion of iNOS-encoding sequence from mouse 

SEQ ID NO: 167 : Designed oligonucleotide primer 
15 designated as GMO-PCR-F 20mer 

SEQ ID NO: 168 : Designed oligonucleotide primer 
designated as GMO-PCR-R 20mer 

SEQ ID NO: 169 : Designed chimeric oligonucleotide 
primer designated as GMO-S1 20mer. ^nucleotides 19 to 20 
20 are ribonucleotides-other nucleotides are 

deoxyribonucleo tides'' 

SEQ ID NO: 170 : Designed oligonucleotide primer 
designated as GMO-S2 20mer. ^nucleotides 19 to 20 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
25 SEQ ID NO : 171 : Designed oligonucleotide primer 
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designated as GM0-A1 20mer. ^nucleotides 19 to 20 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 

SEQ ID NO : 172 : Designed oligonucleotide primer 
designated as GMO-A2 20 mer. * nucleotides 19 to 20 are 
5 ribonucleotides-other nucleotides are deoxyribonucleotides" 

SEQ ID NO: 173 : Designed chimeric oligonucleotide 
primer to amplify a portion of vero toxin 2-encoding 
sequence from hemorrhagic Escherichia coli 0-157. 
^nucleotides 18 to 20 are (alpha-thio) ribonucleotides-other 
10 nucleotides are deoxyribonucleotides" 

SEQ ID NO: 174 : Designed chimeric oligonucleotide 
primer to amplify a portion of vero toxin 2-encoding 
sequence from hemorrhagic Escherichia coli 0-157. 
^nucleotides 18 to 20 are (alpha-thio) ribonucleotides-other 
15 nucleotides are deoxyribonucleotides" 

SEQ ID NO: 175 : Designed chimeric oligonucleotide 
primer to amplify a portion of INOS-encoding sequence from 
mouse.* nucleotides 20 to 22 are ribonucleotides-other 
nucleotides are deoxyribonucleotides" 
20 SEQ ID NO: 176 : Designed chimeric oligonucleotide 

primer to amplify a portion of INOS-encoding sequence from 
mouse . ^nucleotides 20 to 22 are ribonucleotides-other 
nucleotides are deoxyribonucleotides" 

SEQ ID NO : 177 : Designed oligonucleotide primer to 
25 amplify a portion of INOS-encoding sequence from mouse. 
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SEQ ID NO: 178 : Designed oligonucleotide primer to 
amplify a portion of INOS-encoding sequence from mouse. 

SEQ ID NO: 179 : Designed chimeric oligonucleotide 
primer to amplify a portion of lambda DNA. * nucleotides 18 
5 to 20 are ribonucleotides-other nucleotides are 
deoxyribonucleo tides" 

SEQ ID NO: 180 : Designed chimeric oligonucleotide 
primer to amplify a portion of lambda DNA. ""nucleotides 19 
to 21 are ribonucleotides-other nucleotides are 
10 deoxyribonucleotides" 

SEQ ID NO: 181 : Designed chimeric oligonucleotide 
primer to amplify a portion of INOS-encoding sequence from 
mouse / nucleotides 21 to 23 are ribonucleotides-other 
nucleotides are deoxyribonucleotides"' 
15 SEQ ID NO: 182 : Designed chimeric oligonucleotide 

primer to amplify a portion of INOS-encoding sequence from 
mouse . 'nucleotides 20 to 22 are ribonucleotides-other 
nucleotides are deoxyribonucleotides" 

SEQ ID NO: 183 : Designed chimeric oligonucleotide 
20 primer to amplify a portion of pDON-AI DNA. ^nucleotides 17 
to 19 are ribonucleotides-other nucleotides are 
deoxyribonucleotides" 

SEQ ID NO: 184 : Designed chimeric oligonucleotide 
primer to amplify a portion of pDON-AI DNA. ^nucleotides 19 
25 to 21 are ribonucleotides-other nucleotides are 
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deoxyribonucleo tides'' 

SEQ ID NO: 185 : Designed chimeric oligonucleotide 
primer to amplify a portion of HPV DNA. 1 * nucleotides 19 to 
21 are ribonucleotides-other nucleotides are 

5 deoxyribonucleo tides" 

SEQ ID NO: 18 6 : Designed chimeric oligonucleotide 
primer to amplify a portion of HPV DNA. "'nucleotides 19 to 
21 are ribonucleotides-other nucleotides are 

deoxyribonucleo tides" 
10 SEQ ID NO: 187 : Designed oligonucleotide probe to 

detect a DNA fragment amplifing a portion of HPV DNA. 

SEQ ID NO: 188 : Designed oligonucleotide primer to 
amplify a portion of HCV. 

SEQ ID NO: 189: Designed oligonucleotide primer to 
15 amplify a portion of HCV. 

SEQ ID NO: 190 : Designed chimeric oligonucleotide 
primer to amplify a portion of HCV. ^nucleotides 19 to 21 
are ribonucleotides-other nucleotides are 

deoxyribonucleo tides" 
20 SEQ ID NO: 191 : Designed chimeric oligonucleotide 

primer to amplify a portion of HCV.* nucleotides 16 to 18 
are ribonucleotides-other nucleotides are 

deoxyribonucleo tides" 

SEQ ID NO: 192 : Designed oligonucleotide probe to 
25 detect a DNA fragment amplifing portion of HCV. 
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SEQ ID NO: 193 : Designed chimeric oligonucleotide 
primer to amplify a portion of adenovirus . ^nucleotides 19 
to 21 are ribonucleotides-other nucleotides are 
deoxyribonucleo tides'' 
5 SEQ ID NO: 194 : Designed chimeric oligonucleotide 

primer to amplify a portion of adenovirus . ^nucleotides 19 
to 21 are ribonucleotides-other nucleotides are 
deoxyribonucleo tides" 

SEQ ID NO: 195: Designed chimeric oligonucleotide 
10 primer to amplify a portion of adenovirus . ^nucleotides 19 
to 21 are ribonucleotides-other nucleotides are 
deoxyribonucleo tides'' 

SEQ ID NO: 196 :Designed oligonucleotide primer to 
amplify a portion of adenovirus 
15 SEQ ID NO: 197 : Designed oligonucleotide primer to 

amplify a portion of adenovirus. 

SEQ ID NO: 198 : Designed oligonucleotide primer to 
amplify a portion of viroid CSVd. 

SEQ ID NO : 199 : Designed oligonucleotide primer to 
20 amplify a portion of viroid CSVd. 

SEQ ID NO : 200 : Designed oligonucleotide primer to 
amplify a portion of pDON-AI DNA. 

SEQ ID NO : 201 : Designed oligonucleotide primer to 
amplify a portion of pDON-AI DNA. 
25 SEQ ID NO: 202 : Designed chimeric oligonucleotide 
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primer to amplify a portion of verotoxin-1 encoding 

sequence from hemorrhagic Escherichia coli 0- 

157 . 'nucleotides 18 to 20 are ribonucleotides-other 

nucleotides are deoxyribonucleotides" 
5 SEQ ID NO: 203 : Designed chimeric oligonucleotide 

primer to amplify a portion of verotoxin-1 encoding 

sequence from hemorrhagic Escherichia coli 0- 

157 . * nucleotides 18 to 20 are ribonucleotides-other 

nucleotides are deoxyribonucleotides" 
10 SEQ ID NO: 204 : Designed oligonucleotide probe to 

detect a DNA fragment amplifying a portion of verotoxin-1 

encoding sequence from hemorrhagic Escherichia coli 0-157. 

SEQ ID NO:205:Designed chimeric oligonucleotide 

primer to amplify a portion of botulinum toxin A encoding 
15 sequence from Clostridium botulinum. 'nucleotides 19 to 21 

are ribonucleotides-other nucleotides are 

deoxyribonucleotides" 

SEQ ID NO: 206 : Designed chimeric oligonucleotide 

primer to amplify a portion of botulinum toxin A encoding 
20 sequence from Clostridium botulinum. 'nucleotides 21 to 23 

are ribonucleotides-other nucleotides are 

deoxyribonucleotides" 

SEQ ID NO: 207 : Designed oligonucleotide probe to 

detect a DNA fragment amplifying a portion of botulinum 
25 toxin A encoding sequence from Clostridium botulinum. 
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SEQ ID NO: 208 : Designed chimeric oligonucleotide 
primer to amplify a portion of viroid CSVd. ^nucleotides 19 
to 21 are ribonucleotides-other nucleotides are 
deoxyribonucleo tides" 
5 SEQ ID NO: 209 : Designed chimeric oligonucleotide 

primer to amplify a portion of viroid CSVd. ^nucleotides 18 
to 20 are ribonucleotides-other nucleotides are 
deoxyribonucleo tides" 

SEQ ID NO: 210 : Designed oligonucleotide probe to 
10 detect a DNA fragment amplifying a portion of viroid CSVd. 

SEQ ID NO: 211 : Designed chimeric oligonucleotide 
primer to amplify a portion of viroid CSVd. ^nucleotides 19 
to 21 are ribonucleotides-other nucleotides are 
deoxyribonucleotides" 
15 SEQ ID NO: 212 : Designed chimeric oligonucleotide 

primer to amplify a portion of viroid CSVd. * nucleotides 19 
to 21 are ribonucleotides-other nucleotides are 
deoxyribonucleo tides" 

SEQ ID NO: 213 : Designed oligonucleotide primer to 
20 amplify a portion of viroid CSVd. 

SEQ ID NO: 214 : Designed oligonucleotide primer to 
amplify a portion of viroid CSVd. 

SEQ ID NO: 215 : Designed chimeric oligonucleotide 
primer to amplify a portion of c-ki-ras 
25 oncogene . ^nucleotides 18 to 20 are ribonucleotides-other 
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nucleotides are deoxyribonucleo tides'' 

SEQ ID NO: 216 : Designed chimeric oligonucleotide 
primer to amplify a portion of c-ki-ras 
oncogene . * nucleotides 18 to 20 are ribonucleotides-other 
5 nucleotides are deoxyribonucleotides" 

SEQ ID NO: 217 : Designed oligonucleotide primer to 
amplify a portion of c-ki-ras oncogene. 

SEQ ID NO: 218 : Designed oligonucleotide primer to 
amplify a portion of c-ki-ras oncogene. 
10 SEQ ID NO: 219 : Designed chimeric oligonucleotide 

primer to amplify a portion of verotoxin-1 encoding 
sequence from hemorrhagic Escherichia coli O- 
157 . "nucleotides 18 to 20 are ribonucleotides-other 
nucleotides are deoxyribonucleo tides" 
15 SEQ ID NO: 220 : Designed chimeric oligonucleotide 

primer to amplify a portion of verotoxin-1 encoding 
sequence from hemorrhagic Escherichia coli O- 
157 . ^nucleotides 18 to 20 are ribonucleotides-other 
nucleotides are deoxyribonucleotides" 
20 SEQ ID NO: 221 : Designed oligonucleotide primer to 

amplify a portion of INOS-encoding sequence from mouse. 

SEQ ID NO: 222 : Designed oligonucleotide primer to 
amplify a portion of INOS-encoding sequence from mouse. 

SEQ ID NO: 223 : Designed oligonucleotide primer 
25 designated as pUC19 upper 150 to amplify a portion of 
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plasmid pUC19. 

SEQ ID NO : 224 : Designed oligonucleotide primer 
designated as pUC19 lower NN to amplify a portion of 
plasmid pUC19. 

5 SEQ ID NO: 225 : Designed chimeric oligonucleotide 

primer designated as SEA-1 to amplify a portion of 
Staphylococcus aureus, ^nucleotides 19 to 21 are 
ribonucleo tides-other nucleotides are deoxyribonucleo tides'' 
SEQ ID NO: 226 : Designed chimeric oligonucleotide 
10 primer designated as SEA- 2 to amplify a portion of 
Staphylococcus aureus. ^nucleotides 19 to 21 are 
ribonucleotides-other nucleotides are deoxyribonucleotides" 
SEQ ID NO: 227 :Designed chimeric oligonucleotide 
primer designated as HCV-F3 to amplify a portion of HCV. 
15 ^nucleotides 17 to 19 are ribonucleotides-other nucleotides 
are deoxyribonucleo tides" 

SEQ ID NO : 228 : Designed chimeric oligonucleotide 
primer designated as HCV-R1 to amplify a portion of HCV. 
^nucleotides 16 to 18 are ribonucleotides-other nucleotides 
20 are deoxyribonucleotides" 

SEQ ID NO : 229 : Designed oligonucleotide primer 
designated as MF2 to amplify a portion of pUC19 plasmid DNA. 

SEQ ID NO : 230 : Designed oligonucleotide primer 
designated as MR1 to amplify a portion of pUC19 plasmid DNA, 
25 SEQ ID NO : 231 : Designed oligonucleotide primer to 
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amplify a portion of adenovirus. 

SEQ ID NO: 2 32 : Nucleotide sequence of ORF in 
RNaseHII gene from Thermotoga maritima. 

SEQ ID NO: 233 : Amino acid sequence of RNaseHII 
5 from Thermotoga maritima. 

SEQ ID NO: 234: Nucleotide sequence of PH1650 from 
Pyrococcus horikoshii. 

SEQ ID NO:235:PCR primer PhoNde for cloning a 
gene encoding a polypeptide having a RNaseHII activity from 
10 Pyrococcus horikoshii 

SEQ ID NO:23 6:PCR primer PhoBam for cloning a 
gene encoding a polypeptide having a RNaseHII activity from 
Pyrococcus horikoshii 

SEQ ID NO: 237 Nucleotide sequence of ORF in 
15 RNaseHII gene from Pyrococcus horikoshii. 

SEQ ID NO:238:Amino acid sequence of RNaseHII 
from Pyrococcus horikoshii. 

SEQ ID NO: 23 9 : Nucleotide sequence of AF0621 from 
Archaeoglobus f ulgidus . 
20 SEQ ID NO:240:PCR primer AfuNde for cloning a 

gene encoding a polypeptide having a RNaseHII activity from 
Archaeoglobus f ulgidus 

SEQ ID NO:241:PCR primer AfuBam for cloning a 
gene encoding a polypeptide having a RNaseHII activity from 
25 Archaeoglobus fulgidus 
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SEQ ID NO: 242 : Nucleotide sequence of ORF in 
RNaseHII gene from Archaeoglobus fulgidus. 

SEQ ID NO: 243 : Amino acid sequence of RNaseHII 
from Archaeoglobus fulgidus. 
5 SEQ ID NO: 244 : Designed chimeric oligonucleotide 

primer designated as MTIS2F to amplify a portion of 
Mycobacterium tuberculosis DNA." nucleotides 16 to 18 are 
ribonucleo tides-other nucleotides are 

deoxyribonucleotides . " . 

10 SEQ ID NO: 245 : Designed chimeric oligonucleotide 

primer designated as MTIS2R to amplify a portion of 
Mycobacterium tuberculosis DNA. "nucleotides 19 to 21 are 
ribonucleo tides -other nucleotides are 

deoxyribonucleotides . " . 

15 SEQ ID NO : 24 6 : Designed chimeric oligonucleotide 

primer designated as CT2F to amplify a portion of Chlamydia 
trachomatis cryptic plasmid DNA. "nucleotides 18 to 20 are 
ribonucleo tides-other nucleotides are 

deoxyribonucleotides . " ♦ 

20 SEQ ID NO: 247 : Designed chimeric oligonucleotide 

primer designated as CT2R to amplify a portion of Chlamydia 
trachomatis cryptic plasmid DNA. "nucleotides 16 to 18 are 
ribonucleo tides-other nucleotides are 

deoxyribonucleotides . " . 

25 SEQ ID NO: 248 : Designed chimeric oligonucleotide 
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primer designated as K-F-1033(60) to amplify a portion of 
Mycobacterium tuberculosis DNA. "nucleotides 17 to 19 are 
ribonucleot ides-other nucleotides are 

deoxyribonucleotides . " . 
5 SEQ ID NO: 249 : Designed chimeric oligonucleotide 

primer designated as K-R-1133(62) to amplify a portion of 
Mycobacterium tuberculosis DNA/' nucleotides 18 to 20 are 
ribonucleot ides-other nucleotides are 

deoxyribonucleotides . " . 

10 SEQ ID NO: 250 : Designed chimeric oligonucleotide 

primer designated as K-F-1033(68) to amplify a portion of 
Mycobacterium tuberculosis DNA. "nucleotides 20 to 22 are 
ribonucleot ides-other nucleotides are 

deoxyribonucleotides . " . 

15 SEQ ID NO: 251 : Designed chimeric oligonucleotide 

primer designated as K-R-1133(68) to amplify a portion of 
Mycobacterium tuberculosis DNA. "nucleotides 20 to 22 are 
ribonucleot ides-other nucleotides are 

deoxyribonucleotides . " . 

20 SEQ ID NO: 252 : Designed oligonucleotide primer 

designated as F26 to amplify a portion of Mycobacterium 
tuberculosis DNA. 

SEQ ID NO: 253 : Designed oligonucleotide primer 
designated as R1310 to amplify a portion of Mycobacterium 

25 tuberculosis DNA. 
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SEQ ID NO: 254 : Designed chimeric oligonucleotide 
primer designated as pDON-AI-68-1 to amplify a portion of 
pDON-AI ."nucleotides 20 to 22 are ribonucleotides-other 
nucleotides are deoxyribonucleotides . " * 
5 SEQ ID NO: 255 : Designed chimeric oligonucleotide 

primer designated as pDON-AI-68-2 to amplify a portion of 
pDON-AI /'nucleotides 21 to 23 are ribonucleotides-other 
nucleotides are deoxyribonucleotides . 11 

SEQ ID NO: 256 Nucleotide sequence of Homo sapiens 
10 proto-oncogene Wn t-5a 

SEQ ID NO: 257 Nucleotide sequence of Homo sapiens 
ribosomal protein S5 

SEQ ID NO : 258 : Nucleotide sequence of Homo sapiens 

diaphorase 

15 SEQ ID NO: 259 Nucleotide sequence of Human 

protocadherin 

SEQ ID NO: 260 : Designed oligonucleotide for making 

of pIC62. 

SEQ ID NO: 261 : Designed chimeric oligonucleotide 
20 primer designated as ICAN2 nucleotides 19 to 20 are 
ribonucleotides-other nucleotides are 

deoxyribonucleotides . " 

SEQ ID NO: 262 : Designed chimeric oligonucleotide 
primer designated as ICAN6 ."nucleotides 19 to 20 are 
25 ribonucleotides-other nucleotides are 




377 

deoxyribonucleotides . " . 

SEQ ID NO: 263 : Designed oligonucleotide primer 
designated as I CAN 2 DNA. 

SEQ ID NO: 264 :Designed oligonucleotide primer 
5 designated as ICAN6 DNA, 

SEQ ID NO:265:Designed oligonucleotide primer to 
amplify a portion of ribosomal protein S18-encoding 
sequence from mouse. 

SEQ ID NO: 266 :Designed oligonucleotide primer to 
10 amplify a portion of ribosomal protein S18-encoding 
sequence from mouse. 

SEQ ID NO: 267 : Designed oligonucleotide primer to 
amplify a portion of transferrin receptor (TFR) -encoding 
sequence from mouse. 
15 SEQ ID NO: 268 : Designed oligonucleotide primer to 

amplify a portion of transferrin receptor (TFR) -encoding 
sequence from mouse. 

SEQ ID NO:269:Designed oligonucleotide primer to 
amplify a portion of stromal cell derived factor 4 (Sdf4)- 
2 0 encoding sequence from mouse. 

SEQ ID NO: 270 :Designed oligonucleotide primer to 
amplify a portion of stromal cell derived factor 4 (Sdf4)- 
encoding sequence from mouse. 

SEQ ID NO: 271 : Designed oligonucleotide primer to 
25 amplify a portion of cytoplasmic beta-actin encoding 
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sequence from mouse. 

SEQ ID NO: 272 : Designed oligonucleotide primer to 
amplify a portion of cytoplasmic beta-actin encoding 
sequence from mouse. 
5 SEQ ID NO: 273 : Designed oligonucleotide primer to 

amplify a portion of ornithine decarboxylase-encoding 
sequence from mouse* 

SEQ ID NO: 274: Designed oligonucleotide primer to 
amplify a portion of ornithine decarboxylase-encoding 
10 sequence from mouse. 

SEQ ID NO: 275 : Designed oligonucleotide primer to 
amplify a portion of hypoxanthine guanine phosphoribosyl 
transferase (HPRT) -encoding sequence from mouse. 

SEQ ID NO: 276 : Designed oligonucleotide primer to 
15 amplify a portion of hypoxanthine guanine phosphoribosyl 
transferase (HPRT) -encoding sequence from mouse. 

SEQ ID NO: 277 : Designed oligonucleotide primer to 
amplify a portion of tyrosine 3-monooxygenase encoding 
sequence from mouse. 
20 SEQ ID NO: 278 : Designed oligonucleotide primer to 

amplify a portion of tyrosine 3-monooxygenase encoding 
sequence from mouse. 

SEQ ID NO:279:Designed oligonucleotide primer 
designated as MCS-F. 
25 SEQ ID NO: 280: Designed oligonucleotide primer 
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designated as MCS-R 

SEQ ID NO: 281 : Designed chimeric oligonucleotide 
primer designated as MF2N3(24). "nucleotides 22 to 24 are 
ribonucleoitdes-other nucleotides are deoxyribonucleotides " 
5 SEQ ID NO: 282 : Designed chimeric oligonucleotide 

primer designated as MR1N3(24). "nucleotides 22 to 24 are 
ribonucleoitdes-other nucleotides are deoxyribonucleotides" 
SEQ ID NO: 283 : Designed chimeric oligonucleotide 
primer designated as MTIS2F-16 to amplify a portion of 
10 Mycobacterium tuberculosis DNA." nucleotides 14 to 16 are 
ribonucleotides-other nucleotides are deoxyribonucleotides. 

SEQ ID NO: 284 :Designed chimeric oligonucleotide 
primer designated as MTIS2R-ACC to amplify a portion of 
Mycobacterium tuberculosis DNA. "nucleotides 18 to 20 are 
15 ribonucleotides-other nucleotides are 

deoxyribonucleotides . " 

SEQ ID NO: 285 : Designed oligonucleotide primer 
designated as MTIS-PCR-F-2 to amplify a portion of 
Mycobacterium tuberculosis DNA 
20 SEQ ID NO: 286 : Designed oligonucleotide primer 

designated as MTIS-PCR-R-2 to amplify a portion of 
Mycobacterium tuberculosis DNA 

SEQ ID NO: 287 : Designed oligonucleotide primer 
designated as SP6-HCV-F to amplify a portion of HCV 
25 SEQ ID NO: 288 : Designed oligonucleotide primer 
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designated as SP6-HCV-R to amplify a portion of HCV 

SEQ ID NO: 289 : Designed chimeric oligonucleotide 
primer designated as HCV-A S to amplify a portion of 
HCV/' nucleotides 18 to 20 are ribonucleotides-other 
5 nucleotides are deoxyribonucleotides . " 

SEQ ID NO: 290 ; Designed chimeric oligonucleotide 
primer designated as HCV-A A to amplify a portion of 
HCV/' nucleotides 18 to 20 are ribonucleotides-other 
nucleotides are deoxyribonucleotides. 



